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I THE MAGNITUDE OF THE INFECTION PROBLEM 
The Intensive Care Unit {ICU) is intended for the treatment of patients suffe­
ring from fa ilure of one or more major vital organ systems. Many sophisticated 
and complex techniques have been developed for monitoring and support of re­
�piratory . cardiocirculatory or renal failure .  However. the success of these techni­
ques is frequently annihi lated by the desastrous occurrence of infections. The de­
vastating effects of infection may start a downhil l  spiral of multiple organ failure .  
which further decreases the infection defence and promotes infection, which 
eventually may become fatal . Infection is responsible for more than 80% of late 
mortality in the ICU (Fry et a l . ,  1 980; Goris & Draaisma,  1 982) and the costs of 
added morbidity and hospital charges are overwhelming (Freeman et al . ,  1 979; 
Haley, 1 980, 1 98 1  ). So far. relatively l i ttle progress has been made in the monito­
ring and treatment of failure of the complex system which provides defence 
against infection and which is probably the most common form of organ failure .  
A nosocomial infection i s  defined as  an  infection occurring a t  least 48  h after ad­
mission to the hospital ( i . e .  'hospital-acquired infection') .  In contrast to the 5% to 
I 0% crude nosocomial infection rate in the general ward patient (Eickhoff et al . ,  
1 969; Wenzel et al. .  1 976, 1 983) .  infection rates in selected critical care areas may 
be 300% to -l00% higher (Daschner et al.. 1 982; Donowitz et al.. 1 982; Brown et 
al . ,  1 985) .  The rate of infection in the ICU is determined by several factors: 
( i )  the type of  patients treated. Medical patients and patients undergoing clean 
elective surgery have a relatively low infection rate ( + 3% ) whereas in surgi­
cal and traumatological I CUs the overall infection rate may be as high as 
38% (Caplan et al.. 1 98 1 ;  Brown et al . ,  1 985; Daschner, 1 985);  
( i i )  the use of invasive techniques for monitoring and life support. The most 
common site of infection is the respiratory tract in mechanically ventilated 
patients: 20%-60% (Stevens et a l . , 1 974; Thorp et al . .  1 979; Cross et al . ,  
1 98 1 ; Dunham et a l . , 1 984; Tobin et a l . , 1 984) . The second most common 
site is the urinary tract: 10%-30% (Gross et al . ,  1 980; MacKay. 1984) , in pa­
tients with an indwelling urinary catheter. The next most common site of in­
fection is the bloodstream in patients with multiple intravenous and intra-ar­
terial catheters: 1 5% (Dominguez de Villota et a l . ,  1 983) followed by wound 
infections : 1 5% (Daschner, 1 985) ;  
( i i i )  Length oflCU-stay. A l inear relationship exists between the duration o f  stay 
in the ICU and the infection rate (figure 1 ). After 5 days of intensive care the 
infection rate is as high as 80%- 1 00% (Northey et al . ,  1 974; Thorp et a l . ,  
1 979) . This is explained o n  the one hand by  the increased risk o f  infection for 
patients requiring prolonged intensive care , and on the other hand by the 
prolongation of I CU-stay due to early infections. 
2 
(iv) Epidemiological factors. In addition to infections acquired during ICU-stay. 
many patients are admitted to the ICU because of infections, which develop­
ed elsewhere .  This  makes the ICU to the single largest identifiable source of 
nosocomial infection in most ho�pitals. The large-�cale use of broad-spec­
trum antibiotics in the hospital is responsible for selecting multiple drug-re­
sistant  endemic bacterial flora in the ICU (Weinste in ,  1 98 1  ). Clustering cri ti­
cally i l l  patients in  such an environment and understaffing may contribute to 
outbreaks of nosocomial infections with multiple drug-resistant strains e .g .  
Acinetobacter spp. (Castle . 1978) , Serratia spp. (Lackner et al . ,  1 978; Smith 
& Brookfield , 1 984) Staphylococci (Haley & Bregman . 1982) ,  or Pseudo­
monas spp. (Hilton et al . ,  1 983) Klebsiella spp. (Casewell & Phillips, 1 978) .  
Outbreaks may b e  so hard t o  control , that i t  is sometimes necessary t o  close 
down the ICU for a period of several weeks (Lackner et a l . . 1 978) . The high 
incidence of multiple drug-resistant strains and the difficu lties in control arc 
matters of great concern for ho�pital epidemiologists. 
COLON ISATION AND INFECTION 
In the past the dist inction between colonisation and infection has been empha­
sized,  with particular reference to avoidance of unnecessary antibiotic therapy 
(Stoddart, 1 983) . Colonisation is a microbiological event and is defined as the 
presence of potentially pathogenic microorganisms (PPM) in two or more conse­
cutive samples, without clinical signs of infection . In the Gram-stain of the speci­
men only a small number of leukocytes may be present .  Infection is a clinical diag­
nosis. In the specimen of the infected site many leukocytes are present and fre­
quently a high concentration of bacteria is found (more than 105/ml) (Kessner & 
a:: 198 171 39 25 
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Figure 1: LENGTH OF STAY 
The percentage of patients. infected and non-infected. related to the length of stay in the Inten,ive 
Care Unit (Thorp et al.. Anae,the,i;i J4:MJ-50. 1 979. Reproduced with permi,,ion). 
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Lepper, 1967; Weinstein & Brown. 1977; Stoddart . 1 983) .  Colonisation rates of 
the major organ systems are extremely high in ICU patients. In patients requiring 
prolonged mechanical venti lation colonisation of the lower respiratory tract oc­
curs in more than 80% .  colonisation of the urinary tract occur� in 20°,{, -60'Yo and 
colon isation of wound� in 30'Y.,-5()''1(, of patients (Northey et al . .  1 974 ; Ro�e & 
Bahcock . 1975 ; Hemming et al . ,  1 976; Martinez et a l . . 1 986). 
CDC-GU IDELINES FOR PREVENTION OF NOSOCOMIAL INFEC­
TIONS 
The Center for Disease Control . Atlanta , Georgia .  USA recently published 
guidelines (CDC. 1985) that were viewed as ' . . applicable in most hospitals re­
gardless of size . patient population or endemic nosocomial infection rates (Cate­
gory I}' (Table I). Most of these measures are directed either at e l imination of 
exogenom (environmental) sources or at prevention of cross-infection i . e .  an in­
fection caused by a microorganism that is transferred directly or indirectly from 
one person to another (Stoddart , 1 983) . According to the CDC. the measures in 
Category I are ' . .  strongly �upported by well-designed and controlled clinical stu­
dies that show their effectiveness in reducing the risk of nosocomial infections or 
are viewed as effective by a majority of expert reviewers . ·  Although some studies 
did show a reduction of nosocomial infections by the strict implementation of 
these guidelines. the reduction (less than 3%) was small in comparison to the infec­
tion rate (Daschner et al . .  1982). In  other studies. however. no reduction could be 
achieved by a program involving improved maintenance of inhalation therapy 
equipment and strict hand asepsis (Rosendorf et a l . ,  1 974) ; it has also been shown 
that isolation measures which are extremely costly and require special architectu­
ral design have very li ttle effect on the colonisation and infection rate (Preston et 
al.. 198 1 ) .  
CONVENTIONAL ANTIBIOTIC POLICY 
The control program for antibiotic therapy and prophylaxis (CDC) (Table I) 
restricts the use of parenteral antibiotics by ( i)  not giving routine systemic prophy­
laxis ; ( i i )  by not treating colonisation ; ( i i i )  by giving specific systemic antibacterial 
Table I CDC-GUIDELINES (Category I )  
FOR PREVENTION OF NOSOCOMIAL INFECTIONS 
- discipline 
- handwashing and hand-di>infection 
- adoption of CDC-guideline� for nur�ing techntque� 
- adoption of CDC isolation tcchni4ue' 
- sufficient personnel/patient relation 
- disinfection procedures 
- control program for antibiotic therapy and prophylaxi�. 
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therapy on strict clinical and bacteriological indications (Stoddart, 1 983 ). Several 
cl inical studies have led to this approach . Lackner et a l .  ( 1 975) and Rotter ( 1 978) 
studied the effects of systemic antibiotic prophylaxis on pneumonia and septic­
aemia rate in a general ICU and found no reduction in the infection rate. Price 
( 1 98 1 )  studied the effect of systemic antibiotic prophylaxis on the incidence of 
pneumonia in 100 patients requiring prolonged mechanical venti lation . Patients 
who were given prophylactic antibiotics for non-respiratory reasons had signifi­
cantly more respiratory complications such as purulent sputum and infi l tration on 
the chest X- rays, than the group which did not receive systemic antibiotic prophy­
laxis. Neither can urinary tract infections be prevented with systemic antibiotic 
prophylaxis (Kass , 1 955) ;  also in t raumatic wounds or burns. systemic antibiotic 
prophylaxis was not effective to prevent wound infections (Sanchez-Ubeda ct a l . , 
1 958;  Altemeicr et al . ,  1 962; Caplan et al . ,  1 979) . However, controlled cl inical 
trials have shown that a short course of antimicrobial prophylaxis (24 h) can lower 
the incidence of infection after certain operations (Hirschmann & Jnu i ,  1 980; 
Gorbach , 1 982) . 
Apart from clinica l  evidence that systemic antibiotic prophylaxis is generally 
not effective, it is obvious that emergence of resistance is related to the extensive 
use of systemic antibiotics. Price ( 1 970) described an outbreak of Klebsiella infec­
tions in an ICU where prophylactic ampici l l in and cloxaci l l in were routinely pres­
cribed . The epidemic was abruptly brought to an end when all ant ibiotic!> were 
withdrawn from the unit .  Franco et a l .  ( 1 973) found that in a neonatal ICU where 
kanamycin was routinely used, 80% of Enterobacteriaceae colonising the babies 
were kanamycin resistant .  After substituting gentamicin for kanamycin there was 
a sharp fall in the incidence of kanamycin-resistance to 20% , while the gentami­
cin-resistance increased . 
The aim of the conventional antibiotic policy is to avoid selection of mul tiple 
drug-resistant endemic flora in the ICU. However, there is increasing evidence 
that the premises upon which this policy is based , are merely theoretical . Firstly, 
the distinction between colonisation and infection : in daily practice it is often ex­
tremely difficult to distinguish between colonisation and infection , particularly of 
the respiratory tract (Shield et a l . , 1 979; Andrews et al . ,  1 98 1  ) .  Clinical symptoms 
of infection such as fever, leukocytosis, infi l trations on the chest X-ray or deteri­
oration of blood gases may be present in a wide variety of non-infectious clinical 
conditions in critical ly i l l  patients; this may result in  too early administration of 
antibiotic therapy, which apart from not being effective, increases the risk of 
suprainfections; secondly , to wait with specific antibiotic therapy unti l  there are 
clinical signs of infection is not effective either: once an infection with Enterobacte­
riaceae or Pseudomonadaceae has developed, antibiotic therapy often comes too 
late. Even with the new potent antimicrobial agents, bacteriological and clinical 
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cure rates are very disappointing and these infections are associated with a high 
mortality: 30'Yo -70% (Stevens et al . .  1 974; Baker et al . .  1 980: Platt et al . .  1982 ; 
Berger et al . ,  1 985 ; Schentag et al . .  1 985) ; thirdly, not to give antibiotic prophylaxis: 
emergence of re�i�tance does not only occur during systemic antibiotic prophyla­
xis, but even more so during systemic antibiotic therapy (Goldstein et a l . , 1 983) . 
The incidence of colonisation and suprainfection with resistant strains during sys­
temic antibiotic therapy ha� been reported to be as high as 38'Yo (Weinstein et a l . ,  
1 954; Platt et al . . 1 98 1 ; Schentag et a l . ,  1 985). 
In summary. in the la�t decade the coloni�ation and infection rate in the ICU 
ha� remained extremely high . Al though the introduction of efficient disinfection 
procedures has el iminated many exogenous source� of infection, the infection 
rate did not decrease significantly. Attempts to control cross-infections by imple­
mentation of the CDC-guidelines did not result either in the expected reduction 
of the infection rate. The generally accepted restrictive ant1biot1c policy has been 
very disappointing with respect to morbidity and mortality from infections, while 
the problem of emergence of multiple drug-resistant strain� in the ICU remains a 
major concern in many hospitals. 
II MICROORGANISMS 
The immense world of bacterial microorgan isms can be divided into three ma­
jor groups depending on their intrinsic pathogenic potential: ( i )  the indigenous, 
mostly anaerobic flora which lives in a symbiotic re lation to the host and has a low 
pathogenic potent ia l ;  ( i i )  bacteria causing 'community acquired' infections; ( i i i )  
bacteria involved in "hospital acquired' infections (figure 2). 
INDIGENOUS FLORA 
Man is colonised with h igh numbers of anaerobic microorganisms (in the oro­
pharynx . intestines. vagina and sl..in) as well as aerobic microorganisms e.g. Strep­
tococcus viridans ( in the oropharynx) ,  enterococci ( in the intestines) and Staphy­
lococcus epidermidis (on the sk in) (Table 2) . The anaerobic flora constitutes the 
major part of the indigenous flora of the host and has important physiological 
functions (Gustafsson , 1 982: Mackowiak. 1 982). Van der Waaij et al. ( 1 97 1 )  show­
ed in animal experiments that the anaerobic flora contributes to the defence 
against colonisation by aerobic organisms and called this ·colonization resistan­
ce' . Although the anaerobes outnumber the aerobes by a ratio 1 00,000: I, anaero­
bic infections are relatively rare compared to aerobic infections (Gustafsson . 
1 982) . Clinical conditions in which anaerobic infections may occur are associated 
with lesions of the oropharyngeal cavity, esophagus, bowel or vagina .  Frequently 
these infections are caused by both aerobic and anaerobic bacteria and there is 
6 
evidence that aerohic bacteria , by consuming oxygen ,  create the anaerobic cir­
cumstance!> which are nece!>!>ary for the development of anaerohic hacteria (On­
derdonk et al . ,  1 976; Fincgold. 1 977). 
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Figun: 2: 
Microorgani'm' can he divided according to their in<rin,ic pathogenic potential and their conccn­
<ratiun in the normal microtlora into pathogens. potentially pathogenic microorganisms (PPM), 
and indigcnou' flora. The arrangement of PPM is hascd on the ohscrvationsof Kurrie ct al. ( 1981 ) . 
'COMMUN ITY-ACQU IRED' INFECTIONS 
Healthy people may carry PPM in the oropharyngeal cavity and gastro-intesti­
nal canal ( Rose bury , 1 962) (Table 2). which may cause an infection when the re­
sistance decreases. More than 90% of people carry Escherichia coli in the gut and 
this organism is frequently involved in  urinary tract infections. Streptococcus 
pneumoniae, Haemophilus influenzae and Branhamella catarrhalis are frequent­
ly present in the oropharyngeal cavity and are often involved in  infections of ears, 
sinuses and the respiratory tract. 30%-40% of healthy people carry Staphylococ­
cus au re us in the oropharyngeal cavity, gastro-intestinal canal or skin and this mi­
croorganism is frequently involved in wound infections. Before the antibiotic era 
these 'community-acquired' bacteria were responsible for most infections and the 
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first antibacterial agents developed, were specifical ly active against these mi­
croorganisms . Most of these microorganisms are still very sensitive to many anti­
biotics, and in general 'community-acquired' infections have a low morbidity and 
mortality. 


















































I n  the hospital . patients may become colonised by 'hospital' bacteria e.g .  Ente­
robacteriaceae (other than the host's own E. coli) such as Klebsiella . Proteus, En­
terobacter spp. , and Pseudomonas and Acinetobacter spp. This flora-shift is pro­
moted by many factors such as the underlying disease, advanced age and the use 
of antibiotics (Weinstein ,  1 968) . Most commonly used antibacterial agents are ac­
t ive against both the i ndigenous flora and the 'community' bacteria ,  which are 
then quickly eliminated and replaced by hospital bacteria (Florey et al . ,  1 947 ; 
Kessner & Lepper. 1 967; Caplan et al . ,  1 979) . Hospital-acqu1red infections , and 
in particular those of the lower respiratory tract. are difficult to treat and have a 
h igh morbidity and mortality (Gross et al . , 1 980; Brown et al . ,  1 985) .  · 
III PATHOGENESIS OF COLONISATION AND INFECTION 
ORIGIN OF I NFECTION: EXOGENOUS VS. ENDOGENOUS 
An exogenous infection is defined as an infection by microorganisms that are 
not present in the oropharyngeal or i ntestinal flora of the patient .  This type of in­
fection , which used to be an important cause of infection in the early days of in ten-
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sive care ,  is associated with environmental sources e . g. venti latory equipment .  
humidifiers . nchul isers . contaminated infusion solutions etc. 
An endogenous infection is defined as an infection by microorganisms that arc 
part of the patient's oropharyngcal or i ntest inal flora .  
DEFENCE MECHANISMS: 
COLON ISATION DEFENCE AND INFECTION DEFENCE 
Host defence against bacterial invasion can be divided in  coloni�ation-defence 
and infection-defence (figure J). 
Coloni�ation defence can be defined as a complex of mechanisms defending 
aga inst coloni�ation hy cxogcnou� PPM . Thi� defence �y�tem con:-i�ts of several 
Figure J: 
INT ACT DEFENCE MECHANISMS 






(olher than hosts' 
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RESPIRATORY URINARY TRACT 
SKIN DEFENCE AGAINST 
INFECTION (Ill) 
RESPIRATORY URINARY TRACT 
SKIN DEFENCE AGAINST 
COLONISATION (II) 
OROPHARYNGEAL CAVITY/ 
GASTRO INTESTINAL CANAL 
DEFENCE AGAINST 
COLONISATION (I) 
Schematic representation of the three harrier., con.,tituting the defence again>! haeterial i nva>ion . 
and the factor� contrihuting to each of the.,e hmrier ... 
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mucosa- and skin- associated mechanisms which clear PPM from the oral cavity, 
the gastro-intestinal canal ,  the respiratory and urinary tracts and the skin .  
( i)  colonisation defence o f  the oropharyngeal cavity and gastro-intestinal canal 
The major supply of bacteria is formed by food and beverages (Remington , 
1 98 1 ) .  A healthy individual is able to cope with a large challenge of bacteria (up to 
1 09 bact) without colonisation (Buck & Cooke, 1 969; LaForce et al., 1 976). 
Factors contributing to the colonisation defence are (i) integrity of anatomy, ( i i)  
normal physiology and (i i i )  moti l i ty (swallowing, salivary flow and peristalsis) 
(Dixon , 1 960) ,  (iv) secretions such as saliva, bile and mucus, (v) secretory immu­
noglobulinA (S-IgA) ,  (vi) desquamation and shedding of mucosal cells and (vii) 
the indigenous (anaerobic) flora (van der Waaij , 1 97 1  ). The mechanical clearing 
mechanisms (swallowing, peristalsis) are essential for the colonisation defence 
(Dack & Petran,  1 934) . Adherence of bacteria to the mucosa is inhibited by mu­
cus secretions, S-IgA and desquamation of cells. The indigenous flora contributes 
to the colonisation defence through bacterial interference via volatile fatty acids, 
bacteriocins, food competition and masking of receptor sites (Rolfe. 1 984). When 
the colonisation defence is intact (the first barrier) the oropharyngeal cavity does 
not harbor Enterobacteriaceae or Pseudomonadaceae and apart from the indige­
nous flora the bowel is only colonised by E. coli (Table 2) (Rosebury, 1 962; La· 
Force et al . ,  1 976) . 
Altered colonisation defence of the oropharynx and gastro-intestinal tract 
Johanson ( 1 969) reported an increased colonisation by Enterobacteriaceae 
and Pseudomonadaceae in severely ill patients. He demonstrated that the severi· 
ty of the underlying disease was associated with an increased adherence of these 
microorganisms to the buccal mucosal cel ls (Johanson,  1 979) . Valenti et a l .  
( 1 978) showed that advanced age decreases the colonisation defence of the oro­
pharyngeal cavity. In critically ill patients many other factors may also play an im­
portant role: instrumentation (e.g.  endotracheal tubes , nasogastric tubes etc. ) ,  
paralytic i leus, coma, the use o f  anesthetics , sedatives and muscle relaxants which 
interfere with swallowing and gastric motility, the suppression of gastric acidity by 
antacids and Hi-receptor antagonists (Atherton & White, 1 978; DuMoulin et al . , 
1 982 ; Hil lman et al . ,  1 982; Pingleton et al . ,  1 986) which promotes the prolifera­
tion of bacteria in the stomach; the administration of antibacterial agents which af· 
feet the indigenous flora may further decrease the defence against colonisation 
and promote colonisation by Enterobacteriaceae and Pseudomonadaceae. Peni­
ci l l ins,  ampici l li n ,  cloxaci l l in ,  ticarci l l in ,  azlocil l in, mezlocil l in , piperacil l in ,  ery­
thromycin ,  moxalactam and many others are known to decrease the colonisation 
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defence (flora factor) (Wiegersma et al . ,  1 982; Nord et al . ,  1 984; Kager et a l . , 
1 984; Hentges et al . ,  1 985 ; Sunakawa et al . ,  1 985 ; Vogel & Oermann,  1 985) 
( i i)  colonisation defence of the respiratory and urinary tracts and skin 
The defence mechanisms of the respiratory tract , urinary tract and skin are des­
cribed in great detail in many excellent reviews (Aly et al . ,  1 975 ; Kaye , 1 975 ; 
Newhouse et a l . , 1 976 ) .  They are presented schematically by the 2nd barrier in fi­
gure 3 .  Briefly, the main defence mechanisms of the respiratory tract are the mu­
cociliary transport, S-IgA and coughing. The main defence mechanism of the uri­
nary tract are urinary flow and regular voiding. The skin is a mechanical barrier 
which is protected by sebum , perspiration and by the skin flora. 
The efficacy of the defence mechanisms is apparent from the fact that bronchial 
secretions and bladder urine are normally sterile and that S. epidermidis is the 
only aerobic organism colonising the ski n .  
Altered colonisation defence of the respiratory and urinary tracts and skin 
The adverse effects of invasive techniques for monitoring and advanced life­
support on the defence mechanisms of these major organ systems have been well 
documented: e.g. the presence of an endotracheal tube interferes with the muco­
ciliary transport mechanism and coughing, the use of muscle relaxants and opia­
tes interferes with normal reflexes, an indwell ing urinary bladder catheter interfe­
res with the colonisation defence of the urinary tract (Martinez et al . ,  1 986). 
( i i i )  Infection defence 
When the colonisation defence ( 1 st .  and 2nd. barrier) fai ls ,  bacteria can lodge , 
proliferate and subsequently invade . Infection of the oropharyngeal cavity or gas­
tro-intestinal canal is rare despite high numbers of colonising bacteria. Infections 
in the al imentary canal are caused by organisms with a h igher intrinsic pathogeni­
city e.g. Streptococcus pyogenes ( in the throat) or Salmonella and Campylobac­
ter spp. ( in the intestines). 
I n  the respiratory and urinary tracts the capacity to resist invasion is less effecti­
ve. Invasion through the mucosa generally occurs when the number of micr�orga­
nisms present on the mucosa , exceeds 105 bact/ml .  Once bacteria have gained ac­
cess to the tissues the host intervenes by means of a complex series of nonspecific 
and specific antibacterial factors to ensure containment and ki l l ing of the invading 
bacteria .  Phagocytic cells are primarily involved in  this reaction (3rd barrier) . 
When this response is overwhelmed or bypassed, circulating humoral factors and 
the fixed reticulo endothelial system attempt to control bacteraemia (Meakins, 
1 985) .  
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Altered infection defence 
In the critica l ly ill patient there are many factors interfering with the ce llular 
and humoral immune -.ystem (Brun Buisson, 1 983) (Table 3) 
The cri tically ill patient ha-. to be considered as an immunocompromised host 
with an acquired immunodeficiency. This accounts for the high infection rate and 
for the high mortality from infections . However, this immunodeficiency is mo-.tly 
reversible when the underlying disease is successfully treated . 
Tahlc J I M M UNOCOM PROMISED HOST 
Factor' 1.kcrca>tng infection dekncc in critocall) ill patocnh: 
- cardoopulmonary in>ufficicncy (e.g. 'hod . . acido>b. hypoxia) 
- multiple iniuric,. 'urgical trauma. lhcrm.ol injur) 
- ;plcncctomy 
- prnlcin-caloric malnulrition. calaholi'm 
- mcdicatmn (cyto,talic drug,. cort1co,tcrnid,. ,111,1c,thctic') 
- advanced agc 
- cardio-pulmonary hypa" 
infcction' 
IV INTESTINAL FLORA SUPPRESSION 
Intestinal flora suppression dates back to 1939 when Garlock and Seley sugges­
ted the use of sulphanilamide in colorectal surgery. In this type of surgery the use 
of oral antibacterial agents to prevent wound infections has been extensively stud­
ied. Many different antimicrobial agents such as sulphonamides, streptomycin. 
neomycin, kanamycin and paromomycin have been tried for intestinal flora sup­
pression (Poth et a l . ,  1 950, 1 957 ; Cohn& Longacre . 1 959;Weinstein et al . ,  1 96 1 ) .  
Because of the gap in the antimicrobial spectrum and the development of resis­
tance when only one oral drug was used.  Poth et a l .  ( 1 960) advocated a combina­
tion of neomycin and phthalylsulphathiazole . Nicols and Condon ( 1 972) stated that 
this combination allowed the persistence of anaerobes in approximately one half 
of the subjects. They proposed the use of neomycin in combination with the ab­
sorbable erythromycin to cover both the anaerobic and aerobic fractions more 
completely. Up to the present time this combination is widely used in colorectal 
surgery (Figueras-Fil ip et al . ,  1 984) .  
A second group of patients in which oral antibiotic programs are being used , 
are immunocompromised granulocytopenic patients. In order to prevent coloni­
sation and infection of the respiratory and urinary tracts and skin, oral antibiotics 
are given to suppress the oropharyngeal and intestinal flora, which is known to be 
the endogenous source in these patients (Schimpff et al . ,  1972). A well known 
oral regimen consisted of gentamicin, vancomycin and nystatin (GVN) to sup­
press both the aerobic and anaerobic intestinal flora (total flora suppression) . 
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However, the increased risk of overgrowth by resistant organisms necessitated re­
verse isolation (Bodey, 1 974; Klastcrsky ct a l . ,  1 974 ) .  With this regimen intestinal 
colonisation occurred not only with resistant organisms but also with sensitive or­
ganisms. in particular with Pseudomonas spp. Van dcr Waaij ( 1 97 1 )  showed that 
the effect of these oral antibiotics on the anaerobic flora might be responsible for 
the observed overgrowth by aerobic microorganisms. This observation and the 
fact that anaerobes are not frequently involved in infections, have lead to more se­
lective flora-suppression regimens aiming at selective el imination of only the 
aerobic PPM, whilst preserving the indigenous anaerobic flora as much as possible. 
With the FRACON-regimcn, consisting of framycctin (neomycin) + col istin (po­
lymyxin E) + nystatin, and with the combination of polymyxin B + neomycin + 
nalidixic acid + amphotericin B, good results were obtained (Storring et al . ,  1 977; 
Sleyfer et a l . , 1 980; G uiot et al . ,  1 98 J ) . Overgrowth by sensitive or resistant orga­
nisms was less frequent and reverse isolation did not appear to be necessary with 
these regimens. Another approach has been the use of co-trimoxazole to suppress 
Enterobacteriaceae in the intestinal flora without affecting the anaerobic flora 
('selective flora suppression') .  This was first shown clinical ly by Hughes et a l .  
( 1 977) who gave oral co-trimoxazole as prophylaxis for Pneumocystis carinii in­
fections in children with acute lymphocytic leukaemia ,  and found a substantial re­
duction of the frequency of bacterial infections. This has stimulated the use of oral 
co-trimoxazole in granulocytopenic patients. However, resistance against co-tri­
moxazole rapidly develops and often the addition of another agent such as colistin 
is necessary (Wilson & Guiney, 1 982 ; Rozenberg et al . ,  1 983) .  Besides, as a con­
sequence of absorption of the high oral dose , co-trimoxazole has undesirable sys­
temic side-effects , particularly prolonged bone marrow depression. 
Other conditions in which flora suppression has been shown to be useful are 
prevention of necrotising enterocolitis in small infants and neonates (Egan et a l . ,  
1 976; Grylack & Scanlon, 1 978) and prevention of colonisation and infection of 
wounds in burn patients (Jarret et al . ,  1 978) .  
V AIM OF THE STUDY 
At the time of onset of the study described in this thesis i t  was generally accep­
ted that the majority of infections in the ICU were cross-infections and that exo­
genous sources of PPM were most important. The role of endogenous infections 
in the ICU was not well defined. The experience with selective decontamination 
of the digestive tract in leukaemic patients (Sleyfer et al . ,  1 980) suggested that,  in 
the ICU also, at least part of the infections might be endogenous and could there­
fore be prevented in this way. Therefore, in 1 98 1 , a pilot study was started with se­
lective decontamination of the digestive tract in mechanically venti lated intensive 
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care patients staying more than 5 days in the ICU . The oral antihiotic regimen 
consisted of polymyxin E 4x200 mg, co-trimoxazole : 3x(800 mg sulfamethoxazole 
+ 1 60 mg trimethoprim) and amphotericin B 4x500mg. The oral cavity was rinsed 
with chlorhexidine 2% aq . Fifty-five patients were treated: 32 multiple trauma 
patients, 5 cardiac surgery patients and I 8 septic patients. It was found that 1 8  out 
of 55 patients were colonised in the oropharynx and intestines during treatment,  
mostly with Pseudomonas and Acinetobacter spp. , which were in-vitro sensitive 
to polymyxin E .  but not to co-trimoxazole . Although the rate of urinary tract in­
fection was relatively low (5/55) . pulmonary infections occurred in 12 patients 
(22%) (Stoutenbeek et al . .  I 982) .  Due to the inpredictable absorption of co-tri­
moxazole in intensive care patients. it was necessary to monitor co-trimoxazole 
plasma levels. in particular in patients with renal insufficiency. Moreover. seriom 
side-effects (e.g.  allergy and thromhocytopenia) were noted. 
Co-trimoxazole versus tobramycin: 
Because of the unsatisfactory results and the side- effects. it was decided to re­
place cotrimoxazole with the nonabsorbable tobramycin.  Tobramycin seemed to 
be a better choice than gentamicin .  because of (i) the failure of the gentamicin + 
vancomycin + nystatin (GVN) regimen in leukaemic patients and (i i)  the good re­
sults obtained with tobramycin in volunteers (Mulder et al . .  I 984) ( i i i )  the excel ­
lent activity of tobramycin against ICU-associated flora e .g .  Pseudomonas and 
Acinetobacter spp. 
Oral decontamination: 
The next step was to improve the oropharyngeal decontamination. Rinsing the 
oral cavity with an 2% aqueous solution of chlorhexidine was not effective against 
colonisation with Gram-negative baci l l i .  Attempts were made to decontaminate 
the oropharynx with a 2% solution of the same antibiotics as used for intestinal 
decontamination. Cultures taken before and after rinsing the oropharynx with 
this solution . showed no significant difference in  colony counts. Increasing the an­
tibiotic concentration did not improve the results. One hour after rinsing, no anti­
biotic levels were detectable in saliva samples. Therefore other application forms 
were examined. Some experience was available with Orabase® (Squibb. Rijs­
wijk ,  Holland) containing amphotericin B in healthy volunteers (de Vries & van 
der Waaij , 1 978) .  Orabase and different composi tions of carboxymethylcellulo­
se-paste, were tested in-vitro as vehicle for polymyxin E, tobramycin and ampho­
tericin B (2%) with respect to drug-release and duration of activity. Orabase . 
which is a very sticky paste adhering to the moist mucosa for many hours, had the 




Because the character of the study was stil l experimental ,  it was decided to do a 
prospective open tria l  with this new regimen, in polytrauma patients, during a pe­
riod of six months and compare the results with a historical control group (vide in­
fra) .  The other patients in the ICU, staying longer than 5 days, were also treated 
with this regimen to e l iminate all sources of PPM in the ICU and to reduce the risk 
of transmission of microorganisms between patients. Th is excluded the possibi l i­
ty of an untreated control group. At that time, the fear of emergence of resistance 
against the topical antibiotics prohibited a 'bl ind' study design because this im­
plies that the clinician would not be informed about the results of the bacteriologi­
cal cultures of throat and rectum . This would carry the risk that an outbreak with a 
mult iple-resistant strain might well go unnoticed, until serious consequences 
would have developed .  
This study was discontinued after 5 months, due to  the high incidence o f  early 
pneumonia (Chapter 4) . It was decided to continue the study in multiple trauma 
patients, but now with the addition of systemic antibiotic prophylaxis, which pro­
ved to be effective .  This part of the study was continued for two years. The 
reasons to extend this study over such a long period were: first ,  to ascertain that 
the initial good effects of this regimen on the colonisation and infection rate could 
be maintained and second, to be able to monitor the sensitivity patterns of al l  iso­
lated aerobic Gram-negative bacteria over a prolonged period of time to detect 
the possible emergence of resistance under this regimen. 
Why multiple trauma patients ? 
( i )  Polytrauma patients are l ikely to have a normal microflora at the time of the 
accident. Therefore al l  changes in the microflora have to be the result of the trau­
ma itself, the treatment or hospitalisation. 
( i i )  In accordance with a generally recommended antibiotic policy (Gaya, 
1 976) , polytrauma patients did not routinely receive any systemic antibiotic pro­
phylaxis. This permitted study of the effect of the topical nonabsorbable antibio­
tics on colonisation and infection rate, uninfluenced by systemic antibiotic use . 
( i i i )  General ly ,  polytrauma patients are previously healthy individuals who suf­
fer from a sudden severe impairment of the function of the vital organs and the in­
fection defence mechanisms. However, in contrast to other immunocompromis­
ed patients (e .g .  leukaemic patients) this fai lure is transient , provided no compli­
cations occur such as infections. 
(iv) infection is  responsible for 80% of late deaths and is the major cause of mul­
t iple organ fai lure in polytrauma patients (Fry et al . ,  1 980; Goris & Draaisma,  
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1 982; Watt & Ledingham, 1 984) .  Thus. if it would be possible to prevent infec­
tions in the period of susceptibility for infections, it was to be expected that the 
prognosis would improve. 
(v) the �everity of injuries can be determined with an generally accepted sco­
ring system ( Injury Severity Score) (Baker et a l . . 1 97..J.) . which allows comparison 
of patient groups. 
Control group: 
Since 1 979 all polytrauma patients in our institution were treated with the same 
trauma treatment protocol.  by the same team of traumatologists and intensivists. 
From all patients an accurate daily recording of infection was made by one of the 
intensivists. Bacteriological surveil lance cultures were taken from all sites ( inclu­
ding throat and rectum) on admission and thereafter three times a week (Ors. J .  
Dankert ,  Ziekenhuis epidemiologie ) . After inspecting the available material and 
confirming that no essential data were missing, a retrospective study on colonisa­
tion and infection over a two-year period was undertaken. The results of these 
studie� are de�cribed in the following chapter� .  
Description o f  the studies 
Chapter 2: Firstly, the colonisation and infection rate is determined in a con­
trol group of mechanically ventilated multiple trauma patients treated without 
systemic antibiotic prophylaxis (conventional antibiotic policy) .  Secondly, the 
pathogenesis of infection is studied, in order to determine whether ICU-acquired 
infections were exogenous or endogenous. Thirdly. the effect of selective decon­
tamination on colon isation and infection rates is studied in a prospective open 
trial . in mechanically ventilated multiple trauma patients, treated with oral non­
absorbable antibiotics and systemic antibiotic prophylaxis. 
Chapter 3 :  It is generally accepted that a restrictive antibiotic policy decreases 
the risk of emergence of resistance and superinfection . This assumption was tes­
ted by studying the use of systemic antibiotics in the control group, with particular 
reference to the question whether the restrictive antibiotic policy had really been 
restrictive and whether this decreased the risk of superinfections. These data are 
compared with the effect of routine systemic antibiotic prophylaxis, in the group 
treated with selective decontamination . 
Chapter 4: This study describes the pathogenesis and prevention of pulmonary 
infection in mechanically ventilated multiple trauma patients. In the first part of 
the study the incidence and the pathogenesis of pulmonary infections in the con­
trol group are analyzed . In the second part the effect of three consecutive prophy­
lactic antibiotic regimens are compared: (i) intestinal decontamination alone , ( i i )  
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inte'>tinal decontamination in comhination with oral decontamination . ( i i i) intes­
t inal + oral decontamination + sy<>temic antihiotic prophylaxis. 
Chapter 5: The hypothc-;is i-; tc.'>tcd that the use of a third-generation cephalo­
sporin for routine systemic antibiotic prophylaxis . and an aminoglycoside for se­
lective decontaminat ion would in the long term lead to selection of mult iple-drug 
resistant microorganism-, which would render valuable antibiotics worthless for 
'-Y'>tcmic therapy. The -,tudy dcscrihes the incidence of acqui-,it ion. '>Ccondary co­
lonisation and infection by resistant Enterobacteriaceae anti Pseudomonadaceae 
during 30 month-, of continuous use of the -;amc antibiotic regimen . 
Chapter 6: In the l i terature . the reported overall mortality of multiple trauma 
paticnh is approximately 2011 11 -30110 . Many inve-.tigator-. have shown the prog­
nostic value of the I nj ury Severity Score and age for morbidi ty and mortality. The 
causes of death in the intensive care unit arc either craniocercbral trauma. which 
is mostly fatal within the first 5 days. or sepsis. multiple-organ failure and ARDS. 
which arc the principal causes for late mortal i ty .  This study reports the late morta­
lity from sepsis and multiple organ failure in relation to Injury Severity Score and 
age in severely injured patients. admitted during a 30 month period . 
Chapter 7: Nmocomial Gram-negative pneumonia in the ICU has a notorious­
ly high mortality (33'1., -70% ). Whilst the patient is intuhated.  i t  is difficult to era­
dicate the causative microorganisms from the respiratory tract with systemic anti­
biotic therapy alone ; and the incidence of relapse and superinfection is high. I n  
this pilot-study the hypothesis i s  tested that i f  the endogenous source of the infec­
tion can be eliminated by -;elective decontamination. the results of the treatment 
may improve . The study describes a 3-year experience with selective decontami­
nation in mechanically ventilated patients with pneumonia caused by Enterobac­
teriaceae or Pseudomonadaceae. 
Chapter 8: New insights in the concept of 'colonisation resistance· and 'selecti­
ve decontamination' are discussed.  An account is given of the choice of antibio­
tics used for selective decontamination . The second part of this chapter summari­
zes the main differences between conventional infection prevention pol icies in 
the ICU and the novel approach described in this the<>is. 
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Chapter 2 
The effect of selective decontamination of the 
digestive tract on colonisation and infection rate 
in multiple trauma patients 
Ch. P. Stoutenbeek, H . K .  F. van Saene("') ,  D . R. Miranda and D. F. Zandstra 
Institute for Anesthesiology and lntcn�ivc Care and dept. of Cl inical Bacteriology ( ) . Univcr�ity 
Hospital, Groningen 
Intensive Care Medicine 10 :  1 85 ( 1 984) 
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Abstract 
1 22 multiple trauma patients staying in the ICU for 5 or more days and needing 
mechanical ventilation were investigated to determine the effect of selective c.lc­
contamination of the digestive tract on prevention of infection . The (retrospecti­
vely studied) control group of 59 patient� received no antibiotic prophylaxi�. The 
infection rate during ICU-�tay wa� 8 1  'X, , Mmt infection� were cau�cd by potential­
ly pathogenic microorganism� (PPM) from the oral cavity or intc�tinc� ( i .e .  en­
dogenous infection ) .  The oropharynx and intestines were rapidly colonised with 
ICU- associated Gram-negative bacil l i .  After 2 wccb more than 80% of patient� 
were found colon i�cd . Thb secondary colonbat1on of the digestive tract i� a very 
important stage in the pathogenesis of infections. Sixty-three patient� were selec­
tively decontaminated with non-ab�orbablc antibiotics, admin istered through the 
gastric tube even if pcristabis was absent .  Empha�i� was laid on the selective de­
contamination of the oral cavity, using topical application of an antibiotic paste .  
With th is  technique the oral cavity was free of PPM within 3 day� in most patients. 
No secondary colonisation wa� found . Rectal coloni�ation decreased significantly 
after 5 days. Secondary colonisation occurred in 9 patients with PPM sensitive to 
the antibiotics used. The prophylactic regimen included systemic ccfotaximc,  di­
rected against early endogenous infection . The supprc��ion and after �omc time 
the absence of the endogenous source of PPM resulted in a significant reduction 
of colonisation and infection . The total infection rate decreased to I 6'X, . 
Introduction 
I nfection continues to be the major cause of morbidity and mortality in severely 
traumatised patients (Baker ct al . ,  1 980; Gori� & Draaisma ,  1 982) . These pa­
tients arc very susceptible to infection due to an acquired defect in host defence 
mechanisms (Bradley ct al . ,  1 98 1  ) . Advanced life support including invasive tech­
niques of monitoring and treatment further increases the risk of infection (Free­
man & McGowan ,  1 978) . The predominating pathogens causing infection in the 
ICU arc aerobic Gram-negative baci l l i  (Stoddart , 1 983) .  
I t  is generally recommended that systemic antibiotic prophylaxis should not be 
given in these patients because apart from being not effective 1t may give ri�c to 
emergence of resistant strains of nosocomial Gram-negative bacil l i  (Ga ya ,  1 979 ; 
Daschner, 1 978; Stoddart, 1 983 ) .  Therefore treatment with systemic antibiotics 
should only be given when there is clin ical evidence of infection. However, once a 
serious infection has developed, the outcome will often be fatal ,  even with ad­
equate antibiotic treatment (Northey ct al . ,  1 974 ; Stevens ct al . ,  1 974; Thorp ct 
al . ,  1 979 ; Cross & Roup, 1 98 1 ) . 
Another approach to infection prevention,  used in lcukaemic patients 
(Schimpff, 1 980) and surgery (Altemeier e t  al . ,  1 968 ; Nichols , 1 98 1  ), is based on 
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the observation that many infections arc cndogcnou!> i . e .  cau!>cd by potentially 
pathogenic microorganisms (PPM) colonising the digestive tract of a patient .  
Many of the techniques used aim at  total gut  decontamination ( i . c .  suppression of 
both the aerobic and anaerobic bacteria) .  Total gut decontamination however, 
carries the risk of overgrowth by resistant Gram-negative bacil l i  from the hospital 
environment (Altcmcicr ct al . ,  1 968; Schimpff ct a l . , 1 972) .  The enhanced risk of 
overgrowth is probably due to the !>upprcssion of the anaerobic flora and hence a 
reduction in colonisation resistance. 
The concept of colonisation resistance proposed by van dcr Waaij !>uggcst!> a 
beneficial effect of the anaerobic flora in resisting colon isation by acrobcs along 
the alimentary canal (van dcr Waaij ct a l . ,  1 969) .  Selective decontamination of 
the digestive tract (SOD) aims at selective el imination of the aerobic Gram-nega­
tive baci l l i  and yeasts from the al imentary cana l ,  leaving the anaerobic flora unaf­
fected . This techn ique has been successfully applied in leukaemic patients (Slcy­
fer et a l . , 1 980) . 
The aim of the present  study was to invc!>tigatc whether selective decontamina­
tion of the digestive tract could be effective in ICU-patients whose digestive tract 
is not functioning and to study the effect!> of this techn ique on the colon isation pat­
tern and infection rate .  In 1 98 1  we started a pilot study on infection prevention by 
SOD, initially without additional systemic antibiotic prophylaxis. As this ap­
peared not optimal ,  a sy!>temic, colonisation resistance-indifferent,  antibiotic 
such as cefotaxime was added to the regimen, assuming that the combination 
with SOD prevents emergence of resistance . 
A double-blind trial seemed not to be the appropriate method for investigation 
because in the first place it was considered l ikely that having heavily contamina­
ted patients next to decontaminated patients might adversely affect the potential­
ly beneficial results. Secondly , a reduction of the number of contagious patients 
by applying SOD in half of them, might reduce the acquisition , colonisation and 
infection incidence in  the not-SOD-treated control group. Therefore we have 
chosen for an open tria l  comparing the results obtained with this technique with a 
retrospective study from two years without SOD ( 1 979+ 1 980) .  Results of SOD 
treatment in  1 98 1  are not included in this investigation since in that year the 
study was set up as a pilot study, necessary to adapt procedures and methods of 
SOD developed in leukaemic patients to the requirements in a surgical ICU . 
Patients and methods 
Hundred and twenty-two patients who were admitted to the ICU with multiple 
injuries and who remained in  the ICU for 5 days or longer arc included in the stu­
dy. All patients were cndotracheally intubated and mechanically ventilated .  
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They all had an indwelling urinary bladder catheter. an arterial catheter and a 
central venous l ine throughout their stay in the ICU . The Inj ury Severity Scores 
( ISS) were determined for each patient, using the Hospital Trauma Index (HTI) ,  a 
new version of the Abbreviated Injury Score (AIS) .  The score 6 was not util ized 
(Goris & Draaisma ,  1 982) .  Excluded from the study were trauma patient� who 
were transferred to the ICU because of infectious problems or who had recently 
been on antibiotics. The patients are divided in two groups: Group I (control) 
consisted of fifty-nine patients admitted to the ICU in 1 979 and 1 980 . These pa­
tients did not receive any antibiotic prophylaxis. Antibiotic treatment was only gi­
ven on clinical evidence of infection . The colonisation pattern however, was de­
termined as well as the infection rate so that both could be analysed retrospectively. 
Group II (SOD) comprised sixty-three patients admitted to the ICU from June 
1 982 to June 1 983 . In  this group selective decontamination of the digestive tract 
was started as soon as possible after admission to the ICU .  Systemic antibiotic 
prophylaxis (ccfotaximc 50 mg/kg body wt/day) was started on admission and 
continued until the patient was free of PPM. The colonisation and infection rate 
were prospectively analysed . All patients were daily evaluated for the clinical 
signs of infection . As the capacity of the ICU had been enlarged in 1 98 1 . more pa­
tients were admitted to our unit ,  who would otherwise have been transferred to 
another ICU in the hospital .  
Bacteriological surveillance cultures of patients material ,  including oropharyn­
geal and rectal swabs (or faeces) ,  urine , tracheal aspirate and wound swabs were 
taken within 24 h after admission ( inventory) and thereafter thrice weekly or mo­
re frequently when there were signs of infection . B lood cultures were taken (x3) 
when the rectal temperature rose above 39°C. Standard methods for culturing, 
identification and typing were used (van Saene et a l . , l 983a) .  In  throat cultures at­
tention was only paid to Gram-negative PPM and Staphylococcus aureus. No spe­
cial effort was made to isolate Haemophilus influenzae or Streptococcus pncu­
moniae from the throat. 
SDD regimen 
The oropharyngeal cavity was selectively decontaminated with a sticky paste 
(Orabase®) containing polymyxin E 2% , tobramycin 2% and amphotcricin 8 
2% . This was applied to the oral mucosa four times daily with a prefi l led disposa­
ble syringe and spread evenly with a gloved finger. The gut was selectively decon­
taminated with the same nonabsorbable antibiotics (polymyxin E 4 x 1 00 mg, to­
bramycin 4 x 80 mg and amphotericin 8 4 x 500 mg) administered through the gas­
tric tube four times daily. Following administration the gastric suction was discon­
tinued for one hour. 
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In group II (SOD) the first dcfaccation after admission to the ICU was recor­
ded . 
Definitions 
In this study the following definit ions arc used:  
Colonisation: is the presence of the same species of PPM in an organ system for 
more than 3 days (>2 positive samples) ,  without signs of infection. Colonisation 
wa� assumed to begin with or to continue up to the first sample free of that PPM 
(extrapolation) .  
Endogenous infection: infection caused b y  PPM that have first colonised the diges­
tive tract . These PPM can either be part of the 'normal' resident flora (primary 
endogenous) or be newly acquired PPM that have colonised the digestive tract 
(secondary endogenous) . Many of the latter group do not belong to the normal in­
digenous flora . 
Exogenous infection: infection caused by PPM isolated from the site of infection 
only without previous colonisation of the digestive tract. Using standard bioche­
mical methods for identification and typing an infection was assumed to be endo­
genous when the same specie� of PPM was found in the oropharynx or the intes­
tines before or simultaneously with isolation from sputum , urine or wounds. 
Infection has been defined according to generally accepted criteria (Northey ct 
al . ,  1 974; Thorp ct  a l . , 1 979) . Respiratory tract infection (RTI) was diagnosed on 
purulent sputum (Gram-stain) and dense growth in bacteriological cultures from 
tracheal aspirate .  The diagnosis lower RTI was made on physical and radiological 
signs of pulmonary infi ltration,  fever and lcucocytosis .  
Urinary tract infection (UTI) was diagnosed on a bacteriological culture from ca­
theter urine of more than JO� PPM/ml .  The diagnosis of wound infection was ba­
sed on purulent discharge from wounds on Gram-sta in,  a positive culture and 
signs of inflammation.  Only bactcriologically confirmed scpticaemias were recor­
ded . Blood cultures yielding Staphylococcus epidermidis were considered positi­
ve if the same strain of S. epidermidis was isolated at least twice . 
Statistical analysis 
The data from both groups were analysed using the Chi-square test with Yates 
correction and the Student's t-tcst to compare means. A p-value of less than or 
equal to 0.05 was considered statistical ly significant .  
Results 
Patient  characteristics of both groups are summarised in Table I .  The two 
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groups were comparable with respect to sex, age, length of stay in the ICU and 
traumascore (Student's t-test ) .  
Colonisation pattern of  the oropharynx 
On admission 24/59 (41 % ) of patients of group I (control) carried S. aureus and 
22/59 (37%) of patients were found positive for one or more Gram-negative PPM 
in  the throat .  S. aureus gradually disappeared during stay in  the ICU. whereas the 
Table I .  Patient� characteristics. 
GROUP I GROUP I I  
(Control) (SOD) 
Enrolled in  study 59 63 n .s .  
Age (yr)" 37 ± 21 35 ± 1 9  n .s .  
range (yr) (7 - 8 1 )  ( I  89) 
Male/female 4 1 / 1 8 48/ 1 5  n . s .  
Stay (days)" 1 4 ±  JO I I  ± 8  n .s. 
range (days) (5-68) (5 -46) 
HTI-ISS" 33.7 ± 1 3 . I 34.4 ± 14 .9  n .s .  
range ( 1 4- 75) (9 75) 
" Data are given a� mean ± SD 
� 10�' a. � gram + PPM OAOPHAAYNX 90 
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Figure I :  
Number of patients in group I (control) colonised by P P M  in the oropharynx and intestines. The 
majority of patients was rapidly colonised by I CU-a�sociated Gram-negative bacil l i  in the oropha­
rynx and later in the rectum . 
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colonisation rate with Gram-negative PPM simultaneously increased (Fig. I ) .  
After 1 5  days 1 21 1 4  (86% ) patients were colonised with one or more types of 
Gram-negative PPM (Klebsiclla and Proteus spp. etc) and none with S. aureus. 
After three weeks Klcbsiclfo and Pseudomonas spp . predominated (Table 2 ) .  
Tahle 2 .  Oropharyngeal coloni,ation during ICU-stay. 
Group I (control) Group II (SOD) 
PPM day I day I S  day 2 1  day I day 1 5  day 2 1  
Specie' n =S<J n 1 4  n = 6  n=6:1 n 14  n = 6  
S .  aurcu't 24 1 5  
Klehsidla spp. I l l  7 :i 2 
E. coli 6 7 
Entcrohactcrspp. s 2 I 
Proteus 'PP· 4 3 :i 
Citroh;Ktcr,pp. 4 I 
p,cudomon.1.\ 'PP· 2 2 
Total coloni,ation 37/59 1 21 1 4  5/6 26/63 0/ 1 4  0/6 
r.1te ofpatieni-·• (63"u) (86'Y., ) ( 8 1 'X. ) ( 4 1 % ) (0% ) (0% ) 
·' A� many paticnh were coloni,ed with more th.in one 'pec1c,. the tot.ti numher of coloni,ed pa­
tienh m.1y he ,m.,ller than the 'um of i'olated PPM. 
In group II (SOD) 1 5/63 (24'Yo ) of patients carried S. aureus in the throat on ad­
mission and 1 3/63 (2 1 'Yc. ) of patients were found positive for one or more Gram­
negative PPM. In the following days the colonisation rate decreased (Fig. 2) .  The 
difference in colonisation rate between the first and fol lowing days was significant  
after two days (p<0.02) .  No secondary colonisation was found in  th is  group 
(Table 2) .  
Colonisation pattern of the intestines 
From six patients of the control group inventory rectal cultures were not carried 
out . From the remaining 53 patients 28% carried aerobic Gram-negative PPM 
other than Escherichia coli in the rectum (Fig. I ) . The (resident) E. coli is conside­
red separately from other Gram-negative PPM in order to facil itate determina­
tion of secondary colonisation with PPM acquired in the ICU. During ICU-stay the 
colonisation rate with E. coli remained the same. However, most patients became 
rapidly colonised by aerobic ICU-acquired PPM (Fig. 2), predominantly Pseudo­
monas aeruginosa, Proteus and Acinetobacter spp. (Table 3) .  
In  group I I  (SOD) 7/63 { I  I % )  of patients carried aerobic Gram-negative PPM 
other than E. coli in the rectum on admission . The colonisation by E. coli gradual­
ly decreased (Fig. 2) . Secondary colonisation by Gram-negative baci l l i  occurred 
in 9/63 ( 1 4% )  patients in the first 2 weeks. Ten strains of PPM were isolated 
(Pseudomonas spp. 4x , Enterobacter spp. 3x, Acinetobacter 2x, Serratia spp. 
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Figure 2:  
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Colonisation rate of selectively decontaminated patients in group I I  (SDD). PPM were effectively 
e l iminated from the oropharyngeal cavity. within 3 days. Secondary coloni�ation of the intestine� 
was largely prevented. A significant reduction of rectal nora was achieved after 7 days (p<0.01 ) . 
l x) .  I n  al l  cases these colonising PPM were sensitive to one of the antibiotics used 
for selective decontamination .  In four patients these PPM disappeared without 
changing the antibiotic regimen.  Five patients could not be further evaluated be­
cause they were discharged from the ICU. The difference in colonisation rate be­
tween admission and fol lowing days was significant after 7 days (p<0.01 ) .  Twen­
ty-four patients passed stools during their stay in the ICU.  The median duration of 
stay before defaecation was 8 days (range 3-27 days , mean IO days). In 2 1 /24 
patients the rectum was free of PPM after the first defaecation . 
The infection rate in both groups is presented in Table 4. Since many patients 
had mixed Gram-positive and Gram- negative infections and/or more than one in­
fection, the sum of i nfections exceeds the number of infected patients. I n  group I 
(control) 48/59 (81 % )  patients suffered from 94 infectious episodes. 
In group I I  (SOD )  I0/63 ( 1 6% )  patients had 1 1  infections, a highly significant 
difference (p<0.00 1 ) .  In the infected patients cefotaxime proved to be an appro­
priate antibiotic except for two patients with (endogenous) wound infections. 
They responded however, to adjustment of antibiotic therapy and to surgical 
treatment. The duration of cefotaxime prophylaxis in group II was 9 .3  ± 4.8 
days (mean ± SD) range 3-26 days . 
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T;ihle J. Intestinal coltmis;ition with PPM (other than E. coli) during ICU-stay. 
Group I (control) Group II (SDD) 
PPM day I day 1 5  day 2 1  day I day I S  day 2 1  
Species n- 5J n - I Jh n=6 n=63 n = 1 4  n == 6  
Protcus�pp. 7 4 2 2 
Pseudomonas spp. J 5 
Acecinobacterspp. 4 2 
Entcrobactcrspp. J 2 
Citrobactcr spp. J 
Klcbsiclla spp. 2 2 3 
Scrratia spp. 
Total colonisation I J/5J I 0/ 1 3  6/6 7/63 1 / 1 4  0/6 
rate of patients" (28% ) (77%) ( 100%) ( 1 1 % )  (7% )  (0%) 
" As many patients were colonised with more than one species, the total number of colonised pa­
tients may he smaller than the sum of isolated PPM. 
h From I patient rectal culture� were not evaluable on day 1 5 .  
Table 4. Infection rate during ICU-stay. 
Group I Group I I  
(Control) (SDD) 
Site N =59 N -63 
Respiratory tract 35 (59%) 5 (8%) 
Gram + 24 3 
Gram - 25 3 
Urinary tract 1 9 (32% ) 1 (2% ) 
Gram + 9 
Gram - 1 3  
Blood 25 (42'}\, ) 2 (J%) 
Gram + 20 2 
Gram - 1 3  
Wounds 1 5 (25 % )  3 (5%)  
G ram + 1 0  
Gram 8 3 
Total number 
of infections 94 I I  
Total number of 
infected patients 48 ( 8 1 % )  I O ( I 6% )  
X'-value 
P-value 
df= l 20 
X1=34.2 
P<0.00 1 








A� many patient\ had more than one infection and/or mixed Gram-positive and Gram-negative in­
fections. the �um of infections exceeds the number of infected patients. 
In both groups most infections were endogenous infections ( i . e .  the same spe­
cies of PPM was cultured from the site of infection as well as from the digestive 
tract) (Table 5 ) .  Exogenous PPM ( i .e .  PPM found only at the site of infection and 
not in the digestive tract) were particularly important as cause of septicaemia in  
group I (30%) .  
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Table 5 .  Endogenou' infections. 
Site 
Re,piratory tract infection' 
Number of PPM i'olatcd 
Endogenou' PPM 
Urinary tract infection' 
Number of PPM isolated 
Endogenous PPM 
Septicaemia 
Numberof PPM isolated 
Endogenou' PPM 
Wound infection' 




N = 59 
35 
68 
63 (95°0 ) 
1 9  
30 
29 (97"{, ) 
25 
50 
35 (70° .. ) 
1 5  
24 
2 1  (88% ) 
Table 6. Bacteriological 'urveil lance cultures of tracheal aspirate. 
Group I Group I I  
(Control) (SOD) 
Site N - 59 N = 6J 
Respiratory tract 
Total number of cultures 459 298 
Number of po,itrve culture' 3 1 9 (69"0)  27 (9" .. ) 
Number of PPM isolated 442 32 
Gram + I J 2  1 5  
Gram - 264 14  
C. a/bicans 46 3 
Table 7. Bacteriological surveillance cultures of urine. 
G roup I Group I I  
(Control)  (SOD) 
Site N - 59 N = 63 
Urinary tract 
Total  number of cultures 346 3 1 9  
Number of positive cultures 1 2 1  (35 % )  2 1  (7%) 
Number of PPM isolated 1 50 25 
< H r' PPM/ml 62 20 
� 1 0·' PPM/ml 59 I 
Gram + 46 1 6  
G ram- 6 1  9 
C. albicans 43 0 
28 
Group I I  
(SOD) 
N "' 63 
s 
7 
4 (57% ) 
0 (0" .. ) 
2 
2 
0 (0° .. ) 
3 
5 
5 (  1 00"1., ) 
X'-valuc 
p-valuc 




x� =78 o 
P<0.00 1 
Tables 6 and 7 show the results of bacteriological surveillance cultures from tra­
cheal aspirate and catheter urine specimens. The number of posi tive cultures (in­
cluding both colonisation and infection) is significantly lower in  de SOD group 
than in the control group (p<0.001  ) .  
Discussion 
The patients included in this study were al l  at h igh risk of infection . The severity 
of the inj uries, the duration of stay (>5 days) and the use of invasive instrumenta­
tion e .g. endotracheal intubation,  urinary catheter,  central venous lines, al l  en­
hanced the colonisation and infection risk (Freeman & McGowan ,  1 978) . The 
h igh incidence of infections in our historical control group (8 1 % ) is in accordance 
with figures from other studies (Northey et a l . , 1 974; Thorp et a l . , 1 979) . The 
major infectious problem was colonisation and infection of the respiratory tract, 
a well-known phenomenon in mechanically ventilated ICU-patients (Johanson 
et al . ,  1 972; La Force, 1 98 1 ) .  
In  our study we found that most infections in  group I (control) were endo­
genous: the oropharyngeal flora being the source for RTI and wound infections and 
the rectal flora being the source for UTI and wound infections. Although the im­
portance of the digestive tract flora as a major source of infection has been de­
monstrated in leukaemic patient� (Schimpff et al . .  1 972) and also in ICU-patients 
(Johanson et al . ,  1 972 ; Schwartz et al . ,  1 978;  La Force , 1 98 1 ;  van Uffelen et al . ,  
1 984) ,  this aspect has been overshadowed by the apparent importance of exo­
genous infections in the ICU (Gaya, 1 976; Daschner et al . .  1 982) .  Endogenous in­
fections can be subdivided into primary endogenous infections (caused by PPM 
from the normal resident flora) and secondary endogenous infections (caused by 
newly acquired PPM colonising the digestive tract) .  We found that secondary co­
lonisation of the digestive tract is an essential stage in the development of infec­
tions. During colonisation of the digestive tract PPM can rapidly increase in  num­
ber which may lead to subsequent colonisation and infection of the major organ 
systems. 
Multiple trauma patients are l ikely to have a normal flora before the accident .  
However, after admission to the ICU the endogenous flora of the oropharynx and 
intestines may change profoundly and most patients become colonised b}'. ende­
mic ICU-strains of PPM (Fig. 1 )  in the digestive tract . Thus many apparently exo­
genous infections were really secondary endogenous infections. 
The normal oropharyngeal flora consists predominantly of Streptococcus viri­
dans ( 10 7/ml)  and anaerobes ( 1 09/ml ) .  
Approximately 30% of  healthy individuals carry S.  aureus, H. influenzae or S. 
pneumoniae in the t hroat .  These PPM (S. aureus in particular) are responsible for 
a large number of early respiratory tract i nfections and pulmonary septicaemia 
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(Romano et al . ,  1 979 ; Espersen & Gabrielsen,  1 98 1  ) .  These primary endogenous 
infections cannot be prevented by SOD, since it takes a few days to eliminate 
PPM from the resident flora. Thus a systemic (CR-indifferent) antibiotic is neces­
sary to prevent these infections. 
Oropharyngeal colonisation with Gram-negative baci lli is rare in healthy indi­
viduals (Rose bury, 1 962) . Increased colonisation is related to the severity of the 
underlying disease (Johanson et al . ,  1 969) , to old age and to antibiotic use (Yoshi­
oka et al . ,  1 982). The most important factor determining colonisation appears to 
be an increased adherence of bacil l i  to the mucosa due to alteration of the epithe­
lial surface (Johanson et al . ,  1 980) .  Important normal cleansing mechanisms of 
the oral cavity are swallowing, salivary flow, mucus, IgA (Will iams & Gibbons, 
1 972 ; La Force et al . ,  1 976) and bacterial interference of the normal oropharyn­
geal flora (Sprunt & Redman , 1 968) .  In ICU-patients however, the condition of 
the patient and the treatment interfere with these cleansing mechanisms e.g. coma, 
sedatives, incapacity of swallowing, instrumentation,  antibiotics , while the expo­
sure to ICU-associated Gram- negative bacil l i  is very high (Rosendorf et al . , 
1 974) e .g  other patients, food . The combination of an increased adherence , im­
paired oral defense mechanisms and a h igh exposure might explain the very rapid 
colonisation by Gram- negative baci l l i  in the oral cavity and intestines in multiple 
trauma patients. The disappearance of S. a ureus from the oral cavity is probably 
the result of antibiotic treatment.  The oropharyngeal colonisation rate on admis­
sion in both groups is greater than expected for normal healthy individuals (Rose­
bury, 1 962) and may reflect the rapid acquisit ion and colonisation of PPM. 
The difference in colonisation rate between the two groups on admission could 
be explained by the fact that many inventory samples in group I (control) were ac­
tually taken the morning after admission , while in Group I I  (SOD) the samples 
were taken without delay before starting SOD. The intestinal flora showed a simi­
lar pattern of secondary colonisation by Gram-negative PPM (Fig. I ) , replacing 
the normal flora. In a healthy individual the stomach and small gut are free of 
aerobic Gram-negative bacill i . The normal colonic flora consists of large numbers 
of anaerobes ( 1 01 1/ml), enterococci ( 1 05/ml) and Enterobacteriaceae , predominant­
ly E. coli ( 1 05/ml ) .  A large number of different factors control the colonisation 
pattern of the gut by aerobic PPM. These factors include peristalsis, acidity of the 
stomach , bile secretion , mucus, IgA , eel desquamation and the anaerobic flora 
(van der Waaij , 1 979). 
In ICU patients peristalsis is frequently impaired or absent,  the pH of the sto­
mach is often high (e .g .  antacids) , the secretion of bile and mucus decreased and 
the anaerobic flora can be affected by antibiotic treatment (e.g. penicill ins such as 
ampici l l in) . At  the same time the exposure to ICU-associated (multiple resistant) 
Gram-negative PPM is often h igh (Le Frock et al . ,  1 979) e.g. from the oral cavity, 
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tube feeding, instrumentation . In ICU-patients it has been found (Du Moulin et  
a l . , 1 982; Hi l lman et a l . . 1 982) that heavy colon isation of the stomach with Gram­
negative bacil l i  may occur within 24 hrs and that this could be a source of infection 
of the respiratory tract (Du Moulin et al . ,  1 982) . In our study we found that co­
lonisation of the rectum by ICU-strains took longer. The majority of patients in 
the control group were colonised in the rectum with ICU-associated PPM after I 0 
days (Fig. I ) .  reflecting the recovery of the intestinal function . 
The technique of infection prevention in this study is a combination of SOD 
(nonabsorbable antibiotics) with a systemic CR-indifferent antibiotic prophylaxi� 
(cefotaxime) .  SOD is particularly directed against secondary colonisation by 
aerobic Gram-negative PPM. Cefotaxime prophylaxis, directed against early endo­
genous infections, could be discontinued as soon as the patient was free of PPM 
(mean 9 days) . Since respiratory tract infections arc the most frequent infections 
in intubated and ventilated patients, selective decontamination of the oropharyn­
geal cavity is essentia l .  The topical application of antibiotics dissolved in a �ticky 
paste to the oral mucosa. resulted in a rapid el imination of PPM from the oral ca­
vity (Fig. 2) without secondary colon isation with (resistant) PPM . 
Selective decontamination of the gut was more difficult because many patients 
had no gastro-intestinal function for more than one week .  After four days the co­
lonisation rate decreased (Fig. 2). Secondary colonisation occurred in 9 patients in 
group I I .  On no occasion were the PPM resistant to both antibiotics included in 
this decontamination regimen. As soon as the patient had normal bowel funtion 
the rectum became free of PPM and secondary colon isation was not observed. 
This technique resulted not only in a highly significant reduction of the number 
of positive cultures from sputum and urine (reduction of colon isation of RT and 
UT) but also in a significant decrease of the infection rate . Since cultures were ta­
ken daily when there were severe infections, the total number of cultures of tra­
cheal aspirate and of urine taken in group I I  actually decreased reflecting the de­
crease in infection rate .  
The generally accepted policy for infection control in  the ICU concentrates on 
cross-contamination and subsequent infection . I t  is based on controll ing environ­
mental sources of infection e .g .  sinks, nebulizers and on interrupting the trans­
mission of PPM to patients by isolation measures, barrier nursing, handwashing 
etc. (Gaya , 1 976 ; Daschner et a l . ,  1 982; Stoddart ,  1 983) .  However, these measu­
res seem to be of l imited value (Preston et al . ,  1 98 1 )  since the major source of 
PPM, being the patient's digestive tract flora, is not effectively el iminated . 
Infection prevention by elimination of the endogenous source of infection not 
only lowers the risk of infection for the individual patient ,  but also has important 
epidemiological consequences. Each decontaminated patient no longer acts as a 
source of PPM for his environment and neighbouring patients. I t  has been shown 
3 1  
(Miranda et al . .  1 983) that since the introduction of SOD in our ICU an important 
reduction of the contamination level of the environment was ach ieved, without 
special cleansing procedures. The reduction of exposure to ICU-associated PPM 
may have been a very important factor contributing to the efficacy of SOD in 
ICU-patients. Furthermore , it could be an explanation for the relatively low num­
ber of exogenous infections in the SOD-treated patients. 
Conclusions 
Selective decontamination of the digestive tract in critically i l l  ICU patients 
with mul tiple injuries proved to be particularly effective against secondary coloni­
sation of the oropharynx and intestines by ICU-associated Gram-negative PPM.  
Additional systemic antibiotic prophylaxis i s  necessary to  prevent early endo­
genous infections. The suppression and (later) elimination of the endogenous PPM 
resulted not only in a reduction of colonisation of the respiratory and urinary tract 
but also in a reduction of the infection rate from 81 % to 1 6% .  Resistance against 
the antibiotics used for SOD or against the prophylactic cefotaxime was very rare. 
We feel that the emergence of resistance against systemic antibiotics is effectively 
prevented by SOD (study in progress). 
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Summary 
In a control group of 59 multiple trauma patients requiring prolonged intensive 
care , a conventional restrictive antibiotic policy was followed. Forty-eight pa­
tients (8 1  % ) developed 94 infections. Fifty-one patients received systemic anti­
biotic therapy with one or more drugs. The total quantity of systemic antibiotics 
used was very high ( l 8.3 ± 22. l antibiotic days per patient ) .  This policy resulted 
in a very h igh incidence of superinfections (24'Yo ) with multiple-resistant Gram­
negative bacteria , mostly emerging from the digestive tract ( i . e .  secondary endo­
genous infection�). Five patients died with infection. 
A novel technique of infection prevention , based on the maintenance of the 
colonisation resistance and on selective decontamination of the digestive tract in 
combination with systemic antibiotic prophylaxis with cefotaxime , proved to be 
very effective . Out of 63 multiple trauma patients, intubated and venti lated for 5 
days or more in the ICU, ten patients ( 1 6%)  developed 1 1  infections. Most infec­
tiom. occurring under this regimen were primary endogenous infections which 
were treated by continuation of cefotaxime. Only two patients (3% ) developed a 
superinfection with cefotaxime-resistant Gram-negative bacteria .  No patient 
died. This approach to i nfection prevention in the ICU shows that prophylactic 
administration of antibiotics significantly reduced the infection rate of critically i l l  
patients without the development of superinfection . 
Introduction 
Multiple trauma patients who require prolonged Intensive Care and mechani­
cal ventilation , have a very high risk of infection (Schimpff et a l . ,  1 974; Freeman 
& McGowan .  l 978; Daschner et al . ,  1 982) .  The predominating potential ly patho­
genic microorganism� causing infection in the ICU are aerobic Gram-negative ba­
cil l i .  Most infections are endogenous ( i .e .  those caused by organisms from the oral 
or intestinal flora) .  Infections due to the indigenous flora (e.g. Streptococcus 
pneumoniae, Escherichia coli) are referred to as 'primary endogenous infec­
tions' . These are generally sensitive to many antimicrobial agents. However .  
once a patient is hospitalised the indigenous aerobic flora is replaced by hospital 
organisms. ICU-patients arc rapidly colonised with nosocomial Gram-negative 
bacteria (e.g. Pseudomonas, Acinetobacter, Klebsie/la spp. ) ,  not only in the oro­
pharynx (Northey et al . ,  1 974; Rose & Babcock, 1 975 : Laforce , 1 98 1 ) , but also 
in the stomach (Du Moulin et al . ,  1982) and in the intestines (Le Frock et al . ,  
1 979) . I n  this stage (colonisation of the digestive tract) ,  potentially pathogenic 
microorganisms may rapidly increase in number with subsequent colonisation 
and infection of the major organ systems (Stoutenbeek et al . ,  1 984) .  Infections 
caused by bacteria from the digestive tract , but that do not belong to the indige­
nous flora are defined as 'secondary endogenous' infections. 
34 
A novel approach to infection prevention , used in lcukaemic patients (Sleyfcr 
ct al . ,  1 980) is based on the 'Colonisation Resistance' concept, proposed by Van 
der Waaij , which suggests that there arc beneficial effects from the anaerobic flora 
in resisting colon isation by acrobcs in the alimentary canal (van dcr Waaij , 
1 979) .  Selective decontamination of the digestive tract (SD D) results from a pro­
phylactic antibiotic regimen u�ing oral non-absorbablc antibiotic� to el iminate se­
lective ly the aerobic Gram-negative potential pathogens and yeasts from the 
alimentary canal , leaving the anaerobic flora unaffected .  
We found that this technique of  infection prevention i s  also very effective i n  
multiple trauma patients (Stoutenbeek et al . ,  1 984) .  In particular secondary co­
lonisation of the digestive tract by ICU-associated Gram-negative microorga­
nisms could be prevented. Elimination of these from the oral flora is generally 
complete after 2 to 3 days; selective decontamination of the intestines takes 
longer (7 to 1 0  days) ,  because during the first week after trauma the gastrointesti­
nal tract may not be functioning. In  patients with traumatic lung damage we found 
a high incidence of early respiratory tract infections, caused by Staphylococcus 
aureus, S. pneumoniae and Haemophilus influenzae. To prevent these infections, 
we have given systemic antibiotic prophylaxis in addition to selective decontami­
nation of the digestive tract, to all multiple trauma patients, since June 1 982. 
Cefotaxime is an appropriate antibiotic because ( I) i t  doe� not affect the coloni­
sation resistance in experimental animals (van der Waaij , personal communicati­
on) ; (2) in humans it has been shown to exert a selective decontaminating effect 
without adverse effects on the indigenous flora (Lambert-Zechovsky et al . , 1 980; 
Borderon et al . ,  1 983) ;  (3) it is effective against most primary endogenous poten­
tial ly pathogenic microorganisms; (4) it has a low toxicity. The purpose of the pre­
sent study was to investigate whether this antibiotic policy would induce super­
infection. An analysis is made of the infections occurring with this regimen com­
pared with a h istorical control group treated on the basis of a conventional anti­
biotic policy . 
Patients and methods 
One hundred and twenty-two multiple trauma patients, admitted to the trauma 
department of the University Hospital in  Groningen and requiring intensive care 
for 5 days or more were included in the study. Al l  patients were intubated and me­
chanically ventilated. I ndwell ing urinary catheters, arterial- and central-venous 
catheters were routinely used throughout their stay in the ICU . All patients were 
examined daily by the authors (C. P.S . ,  D .R .  M . )  for clinical evidence of infection 
and therapy with antimicrobial agents was recorded . There are two groups of pa­
tients: 
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Group I (control) 
Fifty-nine patient� admitted to the ICU in 1979 and 1980. This group has been 
studied retrospectively. They did not rece ive any antibiotic prophylaxis. Therapy 
was given only on strict clin ical and bacteriological evidence of infection . guided 
by the sensitivity pattern. Serious infections were usually treated with a combina­
tion of cephalosporins and aminoglycosides. If the patient fai led to respond to 
therapy. metronidazol was added even if anaerobes had not been cultured. 
Group II (Selective decontamination) 
Sixty-three patients admitted to the ICU from June 1 982 to June 1 983. In  this 
group selective decontamination of the digestive tract was started as soon as pos­
sible after admission to the ICU . Systemic antibiotic prophylaxis ( cefotaxime 50-
60 mg/kg hw/day) was started on admission. In heavily contaminated patients to­
bramycin (3-4 mg/kg/day iv) was added prophylactically. Systemic antimicrobial 
prophylaxi!> was continued until the patient was effectively decontaminated . The 
colonisation and infection rates were prospectively analysed. 
The Injury Severity Scores (ISS) were determined for each patient .  using the 
Hospital Trauma Index (HT! ) (Goris & Draaisma. 1 982). 
Bacteriology 
Bacteriological survei l lance cultures including oropharyngeal and rectal swabs 
(or faeces) . urine . tracheal aspirate and wound swabs were taken on admission 
and thereafter thrice weekly or more frequently when there were signs of infec­
tion . Three blood cultures were taken (3x) when the rectal temperature rose above 
39°C. Standard methods for culturing. identification and typing were used (van 
Saene et al . .  I 983a) .  
Selective decontamination of the digestive tract (SDD) has been described in 
detai l  elsewhere (Stoutenbeek et al . . 1 984 ) :  the oropharyngeal cavity was selecti­
vely decontaminated by an antibiotic ointment (Orabasell<l) containing 2% of poly­
myxin E. tobramycin and amphotericin B .  The gut was selectively decontamina­
ted with oral nonabsorbable antibiotics (polymyxin E 4x I 00 mg, tobramycin 
4x80 mg and amphotericin B 4x500 mg) administered through the gastric tube . 
After each administration gastric suction was discontinued for one hour. 
Definitions 
Defin itions used for colonisation and infection have been previously described 
(Stoutenbeek et a l . .  1 984) .  On the basis of standard biochemical methods for 
identification and typing, an infection was assumed to be endogenous when the 
same species of organisms was found in the oropharynx or the intestines before or 
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simultaneously with isolation from sputum , urine or wounds. A superinfection 
has been defined as an infection with a (new) resistant organism during or �hortly 
after antibiotic therapy or prophylaxis. To be able to compare the quantity of �ys­
temic antimicrobial agents used in both groups, the number of 'antibiotic-days· 
have been calculated : i . e .  the duration of administration of each agent .  Thm a pa­
tient receiving a combination of e .g .  ticarci l l in and gentamicin for ten days. would 
have 20 antibiotic-days. 
Statistical analysis 
Data from both group� were analysed by the Chi-square test with the Yates' 
correction to compare frequencies and Student's t-test to compare means. A p 
value of <0.05 was considered significant. 
Results 
Patient characteristics arc �ummarised in Table 1 .  The group� are comparable 
with respect to age , sex ,  length of stay and trauma score . 
In the control group 48 patients (8 1  % ) developed 94 bacteriologically confir­
med infections during ICU-stay. Table 2 l ists the number of infected patients by 
�ite . Since many patients had mixed Gram-positive and Gram-negative infections 
and/or more than one infection ,  the sum of i nfections is greater than the number 
of infected patients. 
Fifty-one (86%) patients received systemic antibiotic therapy. Most antibiotics 
were prescribed during the first week of ICU-stay (Fig 1 ). Table 3 presents the 
number of patients receiving specific antibiotics and the mean duration of admini­
stration per patient .  Seventeen different antibiotics were used. The mean number 
of antibiotic- days/patient ( ±  SD) was 1 8.3 ± 22. l days. 






Stay in ICU (day,)" 
range (day>) 
Total ICU days 
·' Data :ire given a� mean + SD 
G ROUP I 
(Control) 
37 ± 2 1  
(7-8 1 )  
4 1 / 1 8  
33.7 ± 13 . 1 
( 1 4- 75) 
1 4 ±  10 
(5-68) 
802 
Hospital Trauma I ndex-Injury Severity Score 
GROUP I I  
(SOD) 
35 ± 19 
( l -89) 
48/ 1 5  
34.4 + 1 4.9 
(9- 75) 
1 1  ± 8  
(5-46) 
724 
n ... .  
n .... 
n .s .  
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Table 2. Infection rate during ICLJ-,tay. 
Group I I  
Selective gut 
Group I dec<mtamination X'-\ ;due 
(Control) ( +cefotaxime) P-value 
Site n=SlJ 11=63 
Infected pat1en1' .J8 ( 8 1 °o )  1 0 (  1 6°0 ) 
Respiratory tract 35 ( 'ilJ" o )  5 (8°u ) x �  3.J.2 
Gram + 2.J 3 P<O OO I 
Gram 25 3 
Urinary tract 1 9 (32°0 ) I (2"  .. ) x-- 1 8 . 7 
Gram + l) P<O OO I 
Gram 1 3  
Blood 25 { 42 " o )  2 ( 3 ° o )  X '  2.J .lJ 
Gram + 20 2 P<0.00 1  
Gram 1 3 
Wounds 15 ( 25 " o )  3 ( 5 ",o )  X' = 8 . 8  
Gram + 1 0  P<0.0 1 
Gram 8 3 
Total infection' l).J I I  
As many patients had more than one infection and/or mixed Gram-po,1t1\ e and Gram-negative in­
fection, . the �um of infection� exceed� the number of infected patienh. 





Carben ici I Ii n/tica rci l I i  n 
Mi�cellaneou� 
Number of patients with 
systemic antibiotic� 
Total antibiotic day� 
Total antibiotic days/ 
patient 
data are given a' mean ± SD 
No. of patient� ("<, )  and 
antibiotic day,/patient in  
Group I 
(Control) 
.J� ( 76 " o )  
8 . 3  ± 5 .2 
32 (5.J"'o )  
lJ . 3 ± 7.2  
1 8 (3 1 % )  
8 . 7 + .J . lJ  
1 3 ( 2 2 % )  
7 . 3  + 3 . 2  
1 7 (29° 0 )  
8 . 2 ± 8.5 
5 1  (86% ) 
1 062 
1 8. 3  ± 22 
• •  In group I I  no gentamicin has been u�ed 
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63 ( 1 00 % )  
lJ . 3  ± .J. 8· 
2 ( 3 % )  
7.5 
2lJ ( .J 5 ° o  ) ''* 
7.5 ± 5 . 2 
3 ( 5 % )  
1 3 . 7  ± 1 3 . 3  
2 ( 3 % )  
1 2.5 
63 ( 100% ) 
883 
1 3 .9 :f: 1 3 . 1 
Fourteen patients (24'Yc. ) developed 1 8  superinfections. In al l  cases antibiotics 
had to be changed either because the infecting organism was found to be resistant 
to the drug chmen or becau�e a bacteriologically confirmed infection with a new 
organism had developed (Table 4 ). The predominating organisms causing super­
infection� were multiply-resistant Gram-negative (e.g.  Pseudomonas. Serratia. 
Acinetobacter, and Enterobacter spp . ) .  All respiratory tract infections, wound 
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Figure I .  
Cumulative numhc r of patient' rece1ving �y�tcmic antihiotic therapy m control group (Group I )  du­
ring ICU-stay. 
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Five patients (8% ) died during ICU-stay. Infection was the major cause of mul­
tiple organ failure and death , despite appropriate antibiotic therapy. Superinfec­
tion was the cause of death in three patients. 
In group II (selective gut decontamination + cefotaxime) ten patients ( 1 6%)  
suffered from I I infections (Table 2 ) .  The site o f  infection , the time o f  occurren­
ce , the isolated organisms and sensitivity to cefotaxime are listed in Table 5. Five 
patients developed early endogenous infections with bacteria sensitive to cefota­
xime. These infections were rapidly cured by continued cefotaxime administra­
tion. Patient 6 was free of potentially pathogenic microorganisms during 14 days 
with only selective gut decontamination (cefotaxime prophylaxis being disconti­
nued after a few days). After extubation however, the oral decontamination regi­
men was discontinued and he developed secondary pharyngeal colonisation and 
bronchopneumonia with S. aureus and P. morganii, which was treated with cefo­
taxime.  Patient 7 suffered multiple pelvic fractures with urethral rupture and ex­
tensive lacerations of the vagina and perineum . To control the massive bleeding, 
large haemostatic tampons were left in  the perinea( wounds for several days . 
After removal of these tampons, the wounds were found to be infected with P. 
aeruginosa, Streptococcus faecalis and Acinetobacter calcoaceticus, sensitive to 
cefotaxime and tobramycin .  These organisms were also isolated from the rectum. 
Three patients (5%) had four infections with cefotaxime-resistant bacteria 
(Table 5 ) .  Two patients had a central venous catheter-related septicaemia with S. 
epidermidis, which was treated by removing the catheters and one patient was 
treated with co-trimoxazol. The wound infections with cefotaxime-resistant orga-
Table 5 . Infections i n  group II (selective gut decontamination +cefotaxime) .  
Potentially Duration �en�itivity 
Patient pathogenic of isolation to 
No. microorganisms Site (day�) Cefotaxime Therapy 
I .  S. aureus Respiratory tract 1 -5 s cefotaxime 
2. S. aureus Respiratory tract 1 s cefotaxime 
3. H. influenzae Respiratory tract s cefotaxime 
N. catarrhalis s ccfotaximc 
4. E. coli Respiratory tract 1 -2 s cefotaxime 
5. P. mirabi/is Urinary tract 2 s cefotaxime 
6. S. aureus Respiratory tract 1 7- 1 8  s cefotaxime 
P. morganii 1 5- 1 8  s 
7 .  S. faecalis Perinea! wound 7-2 1  s cefotaxime/ 
P. aeruginosa 7-2 1 s tobramycinc 
A. calcoaceticus 8- 1 6  s 
8. E. cloacae Wound 7-20 R ccfotaximcl 
tobramycine 
9. P. aeruginosa Subphrenie 1 1  R ceftazidimcl 
Anaerobes abscess 1 1 - 1 9  R tobramycinel 
S. epidermidis Blood 1 8- 1 9  R mctronidazol 
10 .  S .  epidermidis Blood 3 1  R cotrimoxazol 
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nisms were both endogenous. caused by bacteria that were part of the patients in­
testinal flora at admission and which had become cefotaxime-resistant during 
treatment.  Patient 8, a 84-year old male suffered a severe crush-injury of the leg. 
Surgical treatment included osteo�ynthesis and repair of the vascular lesions. The 
patient developed acute renal insufficiency and was haemodialysed. His leg had 
to be amputated because of per�istent ischaemia and a wound infection with En­
terobacter cloacae. The same organism (sensitive to cefotaxime) was isolated 
from the rectum on admission . but was rapidly el iminated from the intestines by 
selective gut decontamination . In  the wound however. E. cloacae had become re­
�i�tant agai nq cefotaxime. The patient recovered completely . Patient 9 develop­
ed a subphrenic abscess after a traumatic bowel perforation and liver rupture. P. 
aeruginosa was isolated from the rectum on admission. Eleven days later when the 
abscess was drained, the same P. aeruginosa together with anaerobes were isolated 
from the pus . This infection was successfully treated by surgical drainage and anti­
biotic therapy (ceftazidime. tobramycin and metronidazol) .  
S ix different antimicrobial agents were used for systemic prophylaxis or thera­
py. The number of patients treated with metronidazol (against anaerobes) was 
significantly less than in the control group. No patient was treated with anti­
pseudomonas penicil l ins ( carbenici l l in .  ticarcil l in ) .  The total amount of systemic 
antimicrobials used in this group, including the routine systemic prophylaxis. was 
less than in the control group (Table 3): the mean number of antibiotic days/pa­
tient ( 1 3 .9  ± 1 3 . l ) (t =  l .35 ns). 
No patient died in this group during ICU-stay. 
Discussion 
The very high infection rate in the control group (8 1 % ) is in accordance with 
other reports (Northey et al . ,  1 974; Thorp et al . ,  1 979) .  Risk factors explaining the 
h igh incidence of infections in multiple trauma patients are :  ( I )  a severe defect of 
the humoral and cellular immune system (Maderazo et a l . .  198 1  ) ;  (2) prolonged 
intensive care because of severe trauma (Schimpff et al . .  1 974) ; (3) prolonged en­
dotracheal in tubation and mechanical ventilation and other invasive monitoring 
and therapy (e.g.  indwelling urinary catheters, central venous catheters) (Free­
man & McGowan. 1 978; Daschner et a l . . 1 982) .  
In  the control group a generally recommended antibiotic policy (Stoddart . 
1 983) has been followed,  based on the restrictive usage of systemic antimicrobial 
agents to prevent emergence of resistance : ( I )  no routine systemic antibiotic pro­
phylaxis was given ;  (2) positive bacteriological cultures without signs of infection 
were considered to be 'colonisation ' ;  (3) systemic antibiotic therapy was given 
only on strict clinical and bacteriological indications. However. most patients in the 
control group {86% ) received systemic antibiotic therapy within the first week of 
4 1  
ICU-stay. I n  case of serious infections a combination of antimicrobial agents was 
given.  This explains why the amount of systemic antibiotics used in the control 
group is greater than in Group II who routinely received systemic antibiotic pro­
phylaxis, although the difference was not significant.  In the control group a very 
h igh incidence of superinfections was found. Fourteen patients (24% ) developed 
one or more superinfections with multiple-resistant Gram-negative PPM (e.g. 
Pseudomonas, Acinetobacter. Serratia, Enterobacter spp . )  frequently accompa­
nied by septicaemia.  An important observation is that most superinfections were 
preceded by colonisation of the oral cavity or intestines with the same species du­
ring antibiotic therapy. Either these PPM have been selected under antibiotic 
pressure or had been acquired from the environment .  Five patients (8% ) of the 
control group died from uncontrollable infection,  despite seemingly appropriate 
antibiotic therapy. 
In group II (selective gut decontamination+ cefotaxime) the total number of 
infected patients was 1 0  ( 1 6% ). Not only the infection rate decreased significant­
ly, but the number of infected sites also decreased from 94 in the control group to 
1 1  in group I I .  No Gram-negative septicaemia occurred in this group. Seven infec­
tions occurring under this antibiotic policy were caused by organisms sensitive to 
cefotaxime. These infections were rapidly cured by continued cefotaxime admini­
stration . 
Three patients (5%) had four superinfections with cefotaxime-resistant mi­
croorganisms. Two patients had catheter-related septicaemia with S. epidermi­
dis. Only two patients had an infection with resistant Gram-negative organisms. 
Both patients had severe multiple inj uries heavily contaminated by their own flo­
ra. Resistance developed in the wounds. In the control group seventeen different 
antimicrobial agents were necessary to treat infections, while in group II only six 
different agents were used for prophylaxis or therapy: in only two patients was it 
necessary to use others than those used for prophylaxis. 
No patient died in this group, although it included patients with severe multiple 
trauma :  two patients had a trauma score of 75. 
Recent studies report a high incidence of superinfections during therapy with 
third generation cephalosporins, in  particular in immunocompromised patients. 
These antibiotics may induce B-lactamases that are responsible for a novel type 
of resistance described by Sanders ( 1 983) as 'non-hydrolytic barrier mecha­
nisms'. Induction of resistance is primarily demonstrable when sub-inhibitory 
concentrations of antimicrobial agents are used.  However, we feel that our anti­
biotic policy (systemic colonisation resistance-indifferent antibiotics in  combina­
tion with oral non-absorbable antimicrobial agents) may prevent emergence of 
resistance . When antibiotics are given only systemically, the subinhibitory con­
centrations that may be found in the lumen of the digestive tract are l ikely to indu-
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ce resistance , particularly when organisms are present which possess inducible B­
lactamases (e .g .  Pseudomonas, Enterobacter or Serra ti a spp . ) .  
If, in addition,  the indigenous (anaerobic) flora i s  affected by  these agents, the 
resistant strains may proliferate and may subsequently cause superinfections. 
This i:,, confirmed by studie:,, reporting the emergence of resistance in the oropha­
ryngeal cavity (Stille et  al . ,  1 983) or intestines (Borderon et al . ,  1 983) during sys­
temic antibiotic therapy and by our observation that most superinfections in the 
control group were secondary endogenous infections. With selective gut deconta­
mination however, high levels of the decontaminating drugs are attained in the lu­
men of the digestive tract, el iminating the potentially pathogenic bacteria without 
disadvantageous effect on the indigenous anaerobic flora. Thus conditions favour­
able for the emergence of resistance are not created. In the two cases of wound 
infection , however,  resistance could develop, probably because the antibiotic 
levels in the wound were too low for B-lactamase producing organ isms. 
A conventional antibiotic pol icy resulted in a h igh infection rate , a h igh con­
sumption of systemic antibiotics, complicated antibiotic therapy and a h igh inci­
dence of superinfections with multiple-resistant Gram-negative potential ly 
pathogenic microorganisms. 
An approach to infection prevention based on the maintenance of colonisation 
resistance and on selective decontamination of the digestive tract (SOD) resulted 
in ( I) a significant reduction of the number of infected patients ; (2) a reduction of 
the number of infections per patient ;  (3) a significant reduction of the incidence of 
superinfections; (4) although systemic antibiotic prophylaxis was given routinely 
to al l  patients, development of resistance was largely prevented and additional 
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Abstract 
The incidence of respiratory tract infections was determined in 59 multiple 
trauma patients requiring prolonged intensive care (>5 days) and receiving no 
antibiotic prophylaxis. Early pneumonia ( <48 hr�) with S. aureus, S. pncu­
moniae, and/or H. influenzac was found in 44% of patients. Secondary colonisation 
of the oropharynx and respiratory tract with ICU-associated Gram-negative ba­
ci l l i  followed by pneumonia occurred in 1 2  patients (20% ). The overall incidence 
of respiratory tract infections was 59% . 
In a prospective open trial three prophylactic antibiotic regimen� were compa­
red :  1 7  patients were treated with intestinal decontamination using nonabsorb­
able antibiotics (polymyxin E .. mo mg, tobramycin .320 mg, amphotericin B 2 ,00C 
mg/day) .  No difference in infection rate wa� found. Twenty- five patients were 
treated with intestinal and oropharyngeal decontamination u�ing an ointment 
containing 2% of t he same antibiotics. Secondary colonisation and infection of 
the respiratory tract with Gram-negative baci l l i  was �ignificantly reduced 
(p<0.00 1 ) .  The incidence of early (Gram-positive) infections however, was un­
changed. Another group of 63 patients was treated with systemic antibiotic pro­
phylaxis during the first days in combination with oropharyngeal and intestinal 
decontamination . The incidence of early pneumonia was �ignificantly reduced 
(p<0.001 ). Five patients (8% ) developed an infection .  Superinfections were not 
observed. 
Introduction 
Multiple trauma patients requiring prolonged mechanical ventilation are at 
h igh risk of infections (Schimpff et a l . ,  1 974; Freeman & Mc Gowan , I 978; All­
gower et al . ,  1 980; Daschner et al . ,  1 982 ; Dunham & LaMonica . 1 984) with an 
increased morbidity and mortality (Goris & Draaisma, 1982). However, we have 
found few detailed studies on the rate of respiratory tract infections (RTI) in this 
group of patients. In critically i l l  surgical and medical patients the rate of pneu­
monia is 60% after 5 days of mechanical ventilation (Northey et al . ,  1 974; Thorp ct 
al . ,  1979; Cross & Roup, 198 1 ) .  Contaminated ventilatory equipment,  which 
used to be an important cause , is rarely the cause of infection nowadays (Comhai­
re & Lamy, 1981;  Cross & Roup, 198 1 ) .  The major determinant for the develop­
ment of nosocomial respiratory tract infections is oropharyngeal colonisation (La 
Force , 1 98 1 ) .  
The present  study has two parts: the first part describes the incidence and  type 
of RTI in long-term ventilated multiple trauma patients treated with a conven­
tional antibiotic policy, and the purpose of the second part was to study the effecti­
veness of topical antibiotics in the prevention of pulmonary infect ion .  In a pro­
spective open trial three regimens using topical nonabsorbable antibiotics were 
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evaluated:  i) Selective decontamination of the digestive system only; i i )  selective 
decontamination of both dige-.tive system and oropharynx; amt i i i )  selective de­
contamination of the digestive system and oropharynx in combination with syste­
mic antibiotic prophylaxis. 
Selective decontamination aims at selective elimination of aerobic Gram-nega­
tive baci lli and yeasts from the oropharyngeal cavity and digestive system (van der 
Waaij & Berghuis-de Vries, 1 974) .  It is based on the assumption that preservation 
of the indigenom anaerobic flora is beneficial to the host. Data from an experi­
mental animal model indicate that acquisition and colonisation of new aerobic or­
gani!>ms is faci l itated by suppression of the anaerobic flora (van der Waaij et al . ,  
1 97 1 ) . The antimicrobial agents chosen have l ittle effect on the anaerobic flora 
and administration of other antibiotics which do inhibit anaerobes. such as peni­
cillin or ampicil l in was avoided . This technique is shown to be effective in preven­
ting secondary colonisation and infection in neutropcnic patient.. (Sleyfcr ct al . ,  
1 980) and i n  multiple trauma patients (Stoutenbeek et al . ,  1 984) .  
The topical antibiotics used were polymyxin E,  tobramycin,  and amphotericin 
B. This combination was chosen because: i) Polymyxin E is bactericidal for the 
majority of aerobic Gram-negative bacilli except Proteu:, spp. which are intrinsi­
cally insensitive to polymyxin .  Tobramycin is given to prevent colonisation by 
Proteus spp . ii) The combination is synergistic against Pseudomonns and Acine­
tobacterspp and is least inactivated by faeces (van Saene et al . ,  1 985a) .  i i i )  A com­
bination of two agents would decrease the chance of resistance developing during 
treatment. iv) This combination has l itt le effect on the anaerobic flora of the gut in 
the dosage used (van der Waaij et al . ,  1 982 ; Mulder et al . .  1 984) .  v) These drugs 
are nonabsorbable when applied topically. To prevent overgrowth of yeasts, am­
photericin B was used.  
For systemic antibiotic prophylaxis cefotaxime has been used because it is ac­
tive against most aerobic potentially pathogenic microorganisms that may be pre­
sent in the oropharynx and because it has l ittle effect on the normal (anaerobic) 
flora . Many studies reported that treatment with cefotaxime did not promote the 
emergence of resistant  organisms (Lambert-Zechovsky et al . ,  1 980; Guggenbich­
ler & Kofler, 1 984) .  
This study was designed a s  a consecutive open trial rather than a s  a blinded pla­
cebo-controlled trial because: i) patients colonised or infected with Gram-negati­
ve bacteria may serve as a source of environmental contamination and cross-in­
fection ; ii) selective decontamination has prevented endogenous infections but 
not exogenous (cross-) infections; as a consequence the presence of placebo­
treated patients might increase the risk of infection in the treated group whereas 
successful decontamination in the treated group would probably decrease the risk of 
colonisation and i nfection in the untreated group; i i i )  a blinded study is difficult 
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because selective decontamination has marked effects on the bacterial flora so 
that treated patients can readily be identified from the culture results. However. 
the clinician must have the results to make therapeutic decisions. Finally, to 
exclude the possibil ity of emergence of resistance due to a new antibiotic regimen,  
the observation period should be long enough. 
Patients and methods 
Multiple trauma patients requiring prolonged mechanical ventilation and staying 5 
days or more in the ICU were included in the study. Patients admitted because of in­
fectious problems or on antibiotics before admission were excluded from the study. 
Patients were divided into 3 groups: Group I (control) consisted of 59 patients 
admitted to the ICU in 1 979- 1 980. These patients did not routinely receive anti­
biotic prophylaxis. Antibiotic therapy was given on strict clinical and bacteriolo­
gical evidence of infection. Because surveillance cultures were taken in all patients 
and signs of infection had been recorded daily by one of the authors ( including 
chest X-ray, blood gas analysis. and haematological examinations) , the colonisation 
pattern and the infection rate could be retrospectively analysed. Group II and I I I  
were prospectively studied. Group I I  comprised 42  patients admitted to the ICU 
in 1 98 1 - 1 982 . They were treated with decontamination using topical nonabsorb­
able antibiotics. No systemic prophylaxis was given .  Seventeen patients (Group 
I IA)  were treated only with intestinal decontamination . Another 25 patients 
(Group I IB) were treated with decontamination of both the GI-tract and the oro­
pharyngeal cavity. Group I I I  consisted of 63 patients admitted to the ICU in 
1 982- 1 983 . In this group decontamination of the GI- tract and oropharynx was 
combined with systemic prophylaxis. using cefotaxime (50- 1 00 mg/kg/day iv). 
Cefotaxime was given immediately on arrival and was discontinued when no PPM 
were isolated from the oropharynx or respiratory tract . The I njury Severity Score 
was determined for each patient using the Hospital Trauma Index (American 
College of Surgeons,  1 980) .  The severity of injury is graded 0 (no inj ury) to 5 ( cri­
tical)  in the major organ systems.  The sum of the squares of the three highest gra­
des gives the I njury Severity Score. Thus the highest possible score is 75. 
Patients were generally in tubated by orotracheal route. Nasotracheal intuba­
tion or tracheostomy were not routinely used for long-term ventilation. A mucoly­
tic agent (Mistabron®. UCB Farma Nederland, Breda) and a bronchodilator 
(Ventolin®, Glaxo, N ieuwegein) were nebulised four times daily. I ntensive chest 
physiotherapy was performed eight times daily. Ventilator circuits were sterilized 
daily in Groups I and II and three times per week in Group I I I .  All patients were 
examined daily by one of the authors (CPS, ORM .DFZ) for clinical signs of infec­
tion , in eluding chest X-rays, complete blood count and blood gas analysis. 
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Selective Decontamination regimen: This ha� been dc-;cribed in detail elsewhere 
(Stoutenbeek et al . ,  1 984) .  A 1 0-ml suspension of polymyxin E 100 mg, tobra­
mycin 80 mg and amphotericin B 500 mg was administered through the gastric 
tube four times daily. Gastric suction was discontinued for one hour following admi­
nistration. The oropharyngeal cavity was treated with an adhe�ive paste (Oraba­
se®, Squibb, Rijswij k)  containing 2% each of polymyxin E,  tobramycin ,  and am­
photericin B .  This ointment was applied to the buccal mucosa with a prefi l led sy­
ringe and evenly smeared out with a gloved finger, four times daily. 
Bacteriology: Culture� of oropharynx, rectum (swabs) or faeces, urine , trache­
al aspirate and wound swabs were taken on admission (baseline) and thereafter 
thrice weekly (survei l lance) .  B lood was cultured whenever the rectal temperatu­
re was 39°C or higher.  Specimens were cultured in a qualitative and semiquanti­
tative way. Standard methods for identification and typing were used (van Saene 
et al . ,  I 983a).  Growth density was graded using the four-quadrant method: 
growth only in broth (bra in-heart infusion )= + I ,  which is comparable to 1 - 1 0 
PPM/ml ,  growth in the first quadrant of the solid plate = + 2 ( :s; I 03) ,  in the second 
quadrant = +  3 ( :s; JO') . in the third quadrant= +4 ( :s; I07) and growth on the 
whole plate = +5 (> 1 07) .  
Definitions: 
Potentially pathogenic microorganisms (PPM) :  organisms that may cause in­
fection when the host defence is decreased, not including the indigenous anaero­
bic and aerobic flora. 
Colonisation : the isolation of the same PPM from two or more consecutive 
samples from the same site , in a growth density > +  I ,  without signs of infection . 
Colonisation was assumed to extend from the preceding negative culture until the 
first sample in which that particular PPM was no longer present .  
Colonisation index (CI ) :  the sum of semiquantitative growth densities of each 
PPM isolated, divided by the number of samples (Wade et al . ,  1 982) . This index 
reflects both growth densities and the number of different species isolated per 
sample. For example, if two different PPM can be isolated from a specimen, with 
growth densities +2 and +3 ,  the colonisation index would be 5. Only the findings 
of the prospective part of the study were included in the index calculations. 
Respiratory tract i nfection (RTI ) :  the presence of purulent sputum (Gram­
stain ) ,  heavy growth (;;:,:+3) of PPM in cultures of tracheal aspirate ,  clinical and 
radiological signs of pulmonary infi l tration , and fever and leukocytosis (Tobin & 
Grenvik ,  1 984) . A d istinction between primary and secondary RTI was made: 
primary RTI were infections which developed before systemic antibiotic use and 
secondary RTI were infections developing during or after systemic antibiotic the­
rapy (Spencer & Phi l ip,  1 973) . 
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Statistical analysis: The results were analysed using the Chi-square test (with 
Yates' correction) for discrete variables and the unpaired Student's t-test for con­
tinuous variables: p<0.05 was considered significant .  
Results 
Patient characteri�tics are listed in Table 1 .  The groups were comparable with 
respect to sex . age. and Injury Severity Score . The length of stay in the ICU and 
the duration of mechanical ventilation of Group II were significantly longer than 
of group I I I  (p<0.0 1 ) . 
Colonisation of the oropharynx and respiratory tract: Figure I shows the num­
ber of patients i n  Groups I and I I I  contaminated with PPM in the oropharynx in  
relation to ICU-stay. In  Group I a positive correlation was found between the 
length of stay and colonisation with Gram-negative PPM (r=0.83, p<0.00 1  ) , 
whereas colonisation with S. au re us was inversely correlated with time (r= -0.89 .  
p<0.00 1  ) . In  patients of  Group I I I  PPM were occasionally isolated from the oro­
pharynx after 3 days. In two patients Gram-negative PPM were isolated on days 14 ,  
1 7 , and 1 9  but in low growth density ( in  broth only) and sensitive to  the antibiotic 
combination. This was not considered to be colonisation ( <2 times isolated, not 
the same species or growth density too low).  In the groups treated with oropha­
ryngeal decontamination ( 1 18 -r I I I ) no secondary colonisation was observed, 
whereas it occurred in five patients of Group I IA and in 29 patients of Group I 
(Xl=52.8 ,  p<0.00 1 ) . 
To evaluate the effect of oral decontamination on acquisition and colonisation 
by PPM not only the number of colonised patients is important but also the inten­
sity of the colonisation . This was expressed as the colonisation index . Figure 2 
shows the effect of the antibiotic regimes on the colonisation index of the oropha-
Ta hie I .  Patient characteristic�. 
Group I Group I I  
No. o f  patient� 59 42 
Age (year;) 37 + 2 1 40 ± 1 9  
(range) (7- 8 1 )  (7 - 75)  
Sex F/M 18/4 1 7/35 
Stay rn ICU (days) 1 4 ±  10 1 8 ± 1 6  
(range) ( 5 - 68) ( 5 - 85 ) 
Mechanical Ventilation 1 1 + 1 0 1 6 ± 1 5  
(range) (day>) ( 3 - 65) (4 · 80) 
HTl- ISS ' 33. 7 ± 1 3 . 1 29.3 ± 8.0 
(range) ( 1 4 - 75) ( 1 4 - 45)  
D<lla arc given a�  mean ± Standard deviation .  
HTl-ISS= Hospital Trauma Index-I njury Severity Score. 
50 
Group I l l  
63 
35 ± 1 9  
( 1 - 89) 
1 5/48 
1 1  ± 8  
(5 - 46) 
9 ± 8  
(3 - 43) 
34.4 ± 14 .9 
(9 - 75) 
1 00 
x z >-
a:: < BO ::i:: Q._ CJ a:: CJ 
UJ 60 I-< a:: 
z •o CJ -
I-< N - 20 z CJ -' CJ u 
5 1 0  1 5  20 
DAYS in I CU 
Group /: Group ///: 
• S. aureus e S. oureus 
D Grom-Negative PPM 0 Grom-Negati ve PPM 
Figure I :  
Coloni�ation of the oropharynx. I n  the control group a hnear correlation w.i\ found between the 
length of �tay and colom�ation with Gram-negative PPM (�olid l ine).  Gr.im-po�itive PPM were 
gradually el iminated. In Group I l l  both Gram-negative ,ind Gr,1m-positive PPM were el iminated 
within 2-3 day�; thereafter Gram-negative PPM were occ11s1on.illy isolated and in low growth dcn,i­
ty. 
2 u � 
,, 
<lJ I . b  -0 
c 
c I .  2 � 
r:: 
N 0 . 8  -
c 
0 
0 0 . 4  u 
'\J o  c u l t u r e s  1 4 2  
Figure 2 :  
C r o u p s  Ilt\ 
O R O P H A R Y N X  
*** n s  
� * *** C::l.:.:. 
1 6 5  2 7 6  
IIB m 
D G r a m n eg . P P M  
l2Z3 G r a m  p a s . P P M  
R E S P I R A T O R Y  T R 1\ C l  
� 
*** n s  
� 
n s  *** 
"1 3 1  ! J S  2 9 8  
Ilt\ IIB III 
Effect of oropharyngeal decontamination on the Colonisation I ndex of the oropharynx and respi­
ratory tract. The mean Colonisation I ndex ( ±  S . E . M )  is shown for both Gram-positive and Gram­
negative PPM. Baseline cultures were not included . ( * • p<0.00 1 ; =p<lJ.05). Selective decon­
tamination of both the oropharynx and digestive system (Group l lB)  significantly reduced the Co­
lonisation I ndex of Gram-negative PPM compared to Group l l A .  which was treated without oro­
pharyngeal decontamination. The index of Gram- positive PPM was significantly reduced only 
in Group I I I .  using �ystemic antibiotic prophylaxis in  addition to selective decontamination. 
5 1  
rynx and respiratory tract . Baseline cultures were not considered . In Group I IB .  
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and lower airways compared to Group I IA,  treated with intestinal decontamina­
tion only. No significant difference could be found in Gram-positive colonisation 
index between these groups. In Group I I I ,  which received systemic prophylaxis 
during the first days in  addition to the decontamination regimen, a h ighly signifi­
cant reduction (p<0.001 ) of the Gram-positive colonisation index was found , 
compared to both Groups I IA and I IB .  Although the Gram-negative colon isation 
index of the oral cavity was slightly lower than in Group I IB  (p<0.05 ) ,  no diffe­
rence was found for the respiratory tract . 
Infection rate: From the patients who did not receive systemic antibiotic pro­
phylaxis (Groups I +  I IA  + I IB ;  n=  1 0 1  ), 49 patients developed lower respiratory 
tract infections before any systemic antibiotic had been given (Table 2) . In 78% of 
patients this infection developed within 48 hr after admission .  The predominating 
pathogens causing infection were S. pneumoniae, S. aureus and H. influenzae 
(Table 3) .  In 29% of patients septicaemia occurred during the infection , most fre­
quently by S. aureus (Table 3) .  The median time of occurrence was the third day 
(range , 1 -9 days) .  Secondary RTI , developing during or after systemic antibiotics 
had been given , were found in 1 2  patients of Group I and in three patients of 
Group l lA  (20%) .  No secondary RTI were observed in  Group l lB  (X1=4.4. 
p<0.05 ) .  Secondary pneumonias were caused predominantly by Gram-negative 
ICU-acquired PPM (e .g. , P. aeruginosa. Acinetobacter)(Table 3). The mean 
time of occurrence was 8 ± 6 days (3- 1 8  days). In  1 3/ 1 5  patients (87%) the infec­
tions were preceded by oropharyngeal colonisation . Four patients developed sep­
ticaemia during secondary pneumonia and all four died as a consequence of the 
infection . One other patient died during secondary infection . 
In Group I I I  five patients (8%) developed RTI , a highly significant reduction 
(X2=38. I ;  p<0.001 ) compared to Groups I and I I .  Most infections occurred in 
the first days after admission and were cured with the systemically given cefotax­
ime. One patient developed a bronchopneumonia with S. aureus and P. morganii 
on the fourteenth day, after detubation and after discontinuing the decontamina­
tion antibiotics. The infection was treated with cefotaxime. 
Discussion 
The first part of this study was a retrospective analysis of the influence of a con­
ventional antibiotic policy on the incidence and type of respiratory tract infections 
in mechanical ly ventilated multiple trauma patients. In this group 59% of patients 
had one or more RTI during ICU stay. This h igh infection rate reflects the sever­
ity of the underlying disease : only patients with multiple injuries , requiring pro­
longed mechanical ventilation, were included in the study. A similar high infection 
rate has been reported by others (Freeman & McGowan ,  1 978; Dunham & La­
Monica, 1 984) . The clinical diagnosis of bacterial pneumonia may be very difficult 
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in the presence of other pathologic processe!> (e.g . .  lung contusion, ARDS. or 
pulmonary haemorrhage)(Andrews et al . ,  1 980). Probably the true infection rate 
is even underestimated (Andrews et a l . ,  1 980; Bell et al . ,  1 983) .  The clinical signi­
ficance of the recorded RTI was apparent from the rapid deterioration of the lung 
function and the h igh incidence of septicaemia.  The influence of the antibiotic po­
licy on the type of PPM causing infections has been demonstrated by dividing the 
infections into primary- (without antibiotics) and secondary infections (with anti­
biotics) .  I n  the control group 26 patients (44% ) developed a primary infection 
and 1 2  patient!> (20%) a !>econdary infection . 
Primary RTI: Primary infections were caused predominantly by S. aure11s, S. 
pneumoniae and H. influenzae. A striking phenomenon was the early onset (with­
in 48 hr) and the fulminant course of these infections. To our knowledge , the 
importance of early pneumonia in multiple trauma patients if no systemic antibio­
tic prophylaxis is given,  has not been described. I t  is well known that 30%-40% 
of healthy persons carry S. aureus in the nasopharynx (Rose bury , 1 962) and that 
the carriership of S. pneumoniae and H. influenzae is even h igher (30%-80%) 
( Hir!>chmann & Everett ,  1 979) . These PPM are readily introduced into the lower 
airways by aspiration and/or by endotracheal intubation (Espersen & Gabrielsen , 
1 98 1 )  at the time of accident .  Pulmonary antibacterial defence mechanisms are 
known to be compromised by shock , acidosis, oedema .  hypoxia,  and corticoste­
roid therapy (Green et al . .  1 977) , all of which are common in trauma patients. 
The presence of traumatic lung damage may further promote the rapid onset of 
infection . 
Secondary RTI: Secondary pulmonary infections were invariably caused by 
nosocomial Gram-negative PPM (e.g. , Pseudomonas spp . )  which were often re­
sistant to the antibiotics used. The first pathogenetic step is acquisition of Gram­
negative bacil l i  in the oral cavity followed by colonisation (LaForce , 1 98 1 ) .  The 
rapid oropharyngeal colonisation observed in the control group (figure I )  may be 
explained by a h igh exposure to Gram-negative PPM in the ICU (Teres et al . ,  
1 973; Rose & Babcock , 1 975) and by the impairment of oral defence mechanisms. 
I n  critical ly  i l l  patients these defence-mechanisms are fail ing due to: i )  increased 
adherence of Gram-negative PPM to buccal epithelial cells (Johanson et a l . , 
1 980) : i i )  impairment of the normal clearing mechanisms (e .g. salivary flow, swal­
lowing) ( LaForce et al . ,  1 976) ; or i i i )  disturbance of the indigenous oropharyn 
geal flora (Sprunt & Redman , 1 968; Murray & Rosenblatt, 1 976; Yoshioka et al . ,  
1 982) .  Not only the oral cavity but also the gastric contents may become heavily 
colonised with Gram-negative baci l l i  (Atherton & White , 1 978; Du Moul in et  a l . , 
1 982; Hillman et al . ,  1 982) and these may act as reservoirs of PPM. The second 
pathogenetic step is colonisation of the lower airways with Gram-negative bacilli 
from the oropharynx (van Uffelen et al . ,  1 984) ,  which is a common finding in intu-
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bated and ventilated patients (French & Homi, 1 979 ; Comhaire & Lamy, 1 98 1 ) . 
The last barrier to infection is formed by pulmonary antibacterial defence mecha­
nisms. 
Prevention of secondary pneumonia: In this study selective decontamination 
of the oral cavity and digestive system with topical nonabsorbable antibiotics 
(Groups I IB  and I I I )  proved to be very effective in preventing acquisition and co­
lonisation of the oropharynx with nosocomial Gram-negative PPM. By keeping 
the oral cavity 'clean , '  colonisation/ infection of the lower airways was almost 
completely prevented . Selective decontamination of the intestines only (Group 
I IA) ,  did not result in  a reduction of oropharyngeal/respiratory tract colonisa­
tion. However, intestinal decontamination should be given in order to prevent as­
cending infections from the gastric contents (Atherton & White , 1 978) and to pre­
vent endogenous urinary tract or wound-infections (Stoutenbeek et al . ,  1 984 ) .  
Although the design o f  this study does not al low a comparison between the dura­
tion of stay or the mortality rate , it seems that the prevention of secondary pneu­
monia resulted in a shorter duration of mechanical ventilation and ICU-stay and 
in a lower mortality. 
The Boston group (Feeley et al . ,  1 975;  Klick et al . ,  1 975 ; Greenfield et al . .  
1 979) studied the use of polymyxin B in critical ly i l l  patients to prevent colonisa­
tion of the respiratory tract . An aerosol of polymyxin B was administered to the 
upper and lower airways six times daily. This regimen significantly reduced the inci­
dence of acquired pneumonia and in particular the incidence of colonisation and 
infection with P. aeruginosa. However,  they found a relatively h igh number of pa­
tients colonised/infected with Proteus spp . ,  which are intrinsically insensitive to 
polymyxin ,  but also with other Gram-negative organisms (both sensit ive and re­
sistant to polymyxin) .  Because the overall mortality rate was unchanged and be­
cause emergence of polymyxin-resistant organisms was feared, this method was 
abandoned (Feeley et al . ,  1 975) .  
A recent study by Crouch et a l . (Crouch et al . ,  1 984) in  mechanically ventilated 
baboons showed that Polymyxin B-aerosol dramatical ly reduced the incidence of 
Gram-negative pneumonia, a lthough most of the animals were colonised by Pro­
teus spp . 
Endotracheal insti l lation of gentamicin significantly reduces colonisation and 
infection of the lower airways with Gram-negative PPM. The disadvantages of 
this method are selection of gentamicin-resistant organisms and absorption of 
gentamicin (Klastersky et al . ,  1 973; Vogel et al . ,  1 984) . 
The observed difference in effectiveness between these studies and the present 
study may be explained first by the use of a combination of antibiotics (polymyxin 
and tobramycin) ,  and second by the use of an antibiotic paste (Orabase®) for oro­
pharyngeal decontamination . The ointment sticks tenaciously to moist mucosa! 
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surfaces and slowly releases the drugs (de Vries-Hospers & van der Waaij , 1 978). 
This appears to be important, because in a preliminary study an aqueous solution 
of the same antibiotics proved to be minimally effective for decontamination of 
the oral cavity. 
Finally ,  the fundamental difference between our approach and other studies 
using either parenteral or topical antibiotics seems to be elimination of the endo­
genous source of PPM from both the oropharynx and the gut. I f  antibiotics are 
given parenterally, emergence of resistance is most likely to occur in the oropha­
rynx and the gut where large numbers of aerobic Gram-negative bacilli are pre­
sent and where only peri-inhibitory antibiotic concentrations are reached, thus 
promoting the selection of resistant strains. With selective decontamination of 
the digestive tract the bulk of Gram-negative PPM is eliminated by nonabsorb­
able antibiotics reaching high concentrations in the lumen of the gut. So far, no se­
condary colonisation with resistant PPM has been observed with this technique . 
Prevention of primary pneumonia: The early respiratory tract infections were 
not prevented by the antibiotics used for selective decontamination ; first, because 
these antibiotics are not active against Gram-positive PPM, and, second , because 
selective decontamination is started after the resuscitation phase , when aspira­
tion in an injured lung has already taken place. Thus systemic antibiotic prophyla­
xis ( c.q . ,  early treatment) should be instituted as soon as possible in mechanically 
ventilated multiple trauma patients to prevent early pneumonia.  Early infections 
are generally caused by community flora sensitive to penicillin- G or penicillin-de­
rivatives (e.g. , ampicillin and cloxacill in) .  However, these are not first-choice 
drugs because they are associated with a high incidence of superinfections 
(Sabath et al . ,  1 962; Tillotson & Finland, 1 969; Price & Sleigh, 1 970; van Saene et al . , 
I 983b) . This has been attributed to the deleterious effects of these antibiotics on 
the indigenous (anaerobic) flora (van der Waaij , 1 979) .  Group I I I  patients recei­
ved cefotaxime iv during several days in addition to selective decontamination of 
the oral cavity and intestines. This proved to be very effective in reducing both the 
incidence and the severity of early pneumonia. Neither colonisation with resistant 
organisms nor superinfections were observed in this group. 
In summary, multiple trauma patients requiring prolonged intubation and me­
chanical ventilation are at high risk of early ( <48 hr) pneumonia with S. aureus, 
S. pneumoniae and/or H. influenzae, if no systemic antibiotic prophylaxis is 
given. Late RTI are invariably caused by nosocomial Gram-negative PPM and are 
associated with a high mortality. Secondary colonisation of the oropharynx and 
the digestive system with Gram-negative PPM acquired from the hospital envi­
ronment plays a key role in the pathogenesis of RTL Selective decontamination 
of the oropharynx and intestines with topical nonabsorbable antibiotics proved to 
be very effective in preventing colonisation of both oropharynx and respiratory 
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tract and it reduced the incidence of secondary infections. Systemic antibiotic 
prophylaxis is indicated in mechanically venti lated patients to prevent early 
pneumonia. 
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A bstract 
Critically i l l  patients admitted to the surgical intensive care unit since 1 982 have 
been treated prophylactically with oral nonabsorbablc antibiotic� combined with 
parenteral cefotaxime . A mixture of polymyxin E, tobramycin and amphotcricin 
B has been administered via a na�ogastric tube and also applied topically to the 
buccal mucosa. This regimen has proven to be highly effective in reducing the in­
fection rate . The present study evaluated the occurrence of rc�istant bacteria with 
this regimen during a 30-month period , in 1 64 patients with multiple trauma . No 
increase in  the percentage of patients with acquired drug-resistant Gram-nega­
tive bacilli was found during this period. Colonisation of the oral cavity and/or gas­
tro-intcstinal canal by polymyxin E-resistant strains (invariably Proteus �pp . )  oc­
curred in 8% of patients, and by tobramycin-resistant bacil l i  (Escherichia coli. 
Acinetobacter or Pscudomonas spp . )  in 4% . Intestinal colonisation with cefota­
xime-resistant strains (e .g .  Pseudomonas. Acinctobactcr or Entcrobacter spp . )  
was observed in 1 7  patients ( 1 0% ) .  Of these strains 82'Yo were eliminated within 
one week by the oral nonabsorbablc antibiotics. Colonisation of the respiratory 
tract , urinary tract or wounds with cefotaxime-resistant Gram-negative bacil l i  oc­
curred in only 3 patients (2% ) .  
Introduction: 
Colonisation and infection with multi-resistant Gram- negative bacil l i  (GNB) 
are matters of great concern in  most surgical intensive care units (ICU). Tradi­
tional control measures have relied on efforts to decrease transmission between 
patients, to eliminate environmental sources and to restrict antibiotic use (Wein­
stein & Kabins, 1 98 1 ) .  However, these strategies have not resulted in any signifi­
cant decrease in colonisation or infection rates in critically ill patients (Donowitz 
et a l . ,  1982) . 
The surgical ICU of the Groningen University Hospital has adopted a prophy­
lactic antibiotic regimen which consists of topical application of nonabsorbable 
antibiotics to the oral cavity and gastro-intestinal tract, combined with a parente­
ral third-generation cephalosporin .  Polymyxin E and tobramycin are given oral ly 
to prevent acquisition and colonisation with ICU-associated pathogens (e .g .  
Pseudomonas or A cinetobacter spp . )  and to suppress the endogenous aerobic 
Gram-negative flora. Amphotericin B is also given to prevent overgrowth with 
yeasts .  Parenteral prophylaxis with cefotaxime is used to prevent early respira­
tory tract infections by Staphylococcus aureus, Streptococcus pneumoniae or 
Haemophilus influenzae (Stoutenbeek et al . ,  1 987) . This regimen has resulted 
in a dramatic reduction in colonisation and infection in multiple trauma patients 
(Stoutenbeek et a l . ,  1 984a,b ) .  
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However, the major concern of using tobramycin and a third-generation ce­
phalosporin for prophylaxis, was the possible emergence of resistance to these 
agents. The present study was designed to evaluate the incidence of acquisition , 
colon isation and infection with GNB, resistant to the prophylactic antibiotics 
used, during a 30-month period. 
Methods: 
Antibiotic regimens 
Patients with multiple trauma who required prolonged mechanical ventilation 
and stayed 5 days or longer in the ICU were included in the study . Patients refer­
red from other centres with infectious problems, or who had received antibiotics 
prior to admission were also included. All patients had an endotracheal tube , an 
urinary catheter and several indwell ing intravascular l ines. Patients were divided 
into five consecutive groups detailed in  table I .  All groups were treated with topi­
cal nonabsorbable antibiotics. A JO ml suspension of polymyxin E J OO mg (colis­
t in ,  Dumex, Copenhagen) ,  tobramycin 80 mg (Eli  Lil ly) and amphotericin B 500 
mg (Squibb) was administered through the naso-gastric tube four times a day. 
Gastric suction was discontinued for one hour after administration . A sticky paste 
(Ora base®, Squibb) containing 2% polymyxin E, 2% tobramycin and 2% ampho­
tericin B was applied to the buccal mucosa four times a day. Parenteral prophyla­
xis with cefotaxime (50- I 00 mg/kg/day iv . ) ,  was started immediately on admission 
and continued for at least four days , in all groups except group I .  This group did 
not routinely receive prophylactic parenteral antibiotics. Cefotaxime was discon-
Table I .  Patient characteristics. 
Groups I I  I l l  IV v 
1 982 1 982 1 983 1 983 1 984 
Jan-Jun Jul-Jan Jan-Jul Jul-Jan Jan-Jul  
No.patient� 2 1  39 35 33 36 
Sex ( M/F) 1 7/4 3 1 /8 25/ 1 0  27/6 25/ 1 1 
Age (years) • 35 ± 1 9  32 ± 1 8  38 ± 2 1 36 ± 20 36 ± 22 
range (9-72) (2-76) (0-89) (6-84) (4,82) 
ICU-stay (days) ' 1 7 ±  1 7  1 2 ± 7  1 6 ± 1 7  1 3 ± 9  1 3 ±9 
range (6-86) (5-3 1 )  (5-82) (5-4 1 )  (5-36) 
Mechanical ventilation (days)' 1 4 ± 1 6  8 ± 6  1 2 ± 1 4  1 0 ± 8  I I  + 8  
range (4-80) ( 1 -26) ( 1 -69) (2-34) (2-34) 
Died I (5%) 0 I (3%) 2 (6%) 2 (6%) 
• mean ± S .D.  
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tinued when subsequent cultures of all sampled sites were free of aerobic poten­
tially pathogenic microorganisms. and yielded only indigenou!. flora .  such a!> 
coagulase-negative staphylococci . viridans streptococci and enterococci .  
Bacterial surveillance 
Specimens- oropharyngeal swab. rectal swab or faeces, urine . tracheal aspirate 
and wound swabs - were cultured on admis!>ion and then three time� a week.  All 
specimens were cultured in a qualitative and semi-quantitative manner (van 
Saene et al . .  I 983a) .  Enterobacteriaceae were identified by the API 20E system 
(Washington et al . .  1 97 1  ) .  The sensitivity of individual strains to polymyxin E, to­
bramycin and cefotaxime was te!>ted by the agar diffusion method (Kirby-Bauer) 
(Bauer et a l . . 1 966) . Cefotaxime sensitivity was determined routinely only in 
groups II-IV. The break- points for resistance to cefotaxime and tobramycin were 
an inh ibition-zone <24 mm.  For polymyxin 1 9  mm was taken as break-point be­
cause of the poor diffusibility of polymyxin in agar. Not all i�olates of Pseudo­
monas spp. were tested for cefotaxime sensitivity; tho!>e that were not tested 
were considered to be resistant .  
Definitions 
Acquisition was defined as isolation of a new strain not present in any of the 
samples taken in the first three days (baseline) .  Colonisation was defined as isola­
tion of the same species from two or more consecutive cultures from the same site 
without clinical signs of infection . Colonisation was called 'primary' if the coloni­
sing bacteria were present in the baseline samples and 'secondary' if colonisation 
occurred later by acquired bacteria. Secondary infection was the term used for cli­
nical diagnosis (by standard criteria) of infection by acquired bacteria .  
Statistical analysis 
The incidence of resistance was evaluated statistically by the Chi-square test 
(with Yates' correction) .  A level of p<0.05 was considered significant .  
Results 
One hundred and sixty four patients were treated with the antibiotic regimen 
for a mean duration of 14 days. The total number of cultures evaluated was 525 1 
(mean of 32 cultures/patient) and 1 1 9 1  cultures (23%) yielded strains of Entero­
bacteriaceae or Pseudomonadaceae . Excluding strains repeatedly isolated from 
the same site in the same patient ,  374 isolates were identified;  76% of GNB were 
cultured from rectum/faeces, 1 0% from throat, 5% from sputum, 7% from 
wounds and 2% from urine . 
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Resistant strains 
Figure I shows the resistance pattern of the different strains isolated.  Four per­
cent of strains were resistant to tobramycin .  All strains but Proteus spp . ( I  2'X, ) 
were sensitive to polymyxin E .  Escherichia coli. Klebsiel/a spp. and Proteus spp . 
were invariably sensitive to cefotaxime. Although the number of isolates wa'> 
smal l ,  a considerable percentage of Pseudomonas spp . . Acinetobacter spp. , En­
terobacter cloacae and Citrobacter �pp . were found to be cefotaxime re�istant .  
Investigation of the flora present on admission showed 96% sensitivity to cefota­
xime . The majority of cefotaxime-resistant GNB were i�olated more than three 
days after admission and were considered to be newly acquired from the hospital 
environment. 
Acquisition 
Figure 2 shows the incidence of acquisition . secondary colonisation and infec­
tion of the major organ systems. Thirty-five percent of patients acquired one or 
more different strains during their stay on the ICU (94 acquisitions) . Most strains 
were isolated from the rectum and had a low growth density ( < I  03 CFU/gm faeces or 
equivalent growth from a swab). The GNB isolated most frequently were Pseudo­
monas spp . (2 1 times) , Enterobacter spp . (2 1 times) , Acinetobacter spp. ( 1 8  
times) and Proteus spp. ( 1 3  times) . Forty percent of these �trains were cefotaxime­
resistant but none was resistant to the combination of ora l .  nonabsorbable anti­
biotics . 
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Sensitivity pattern of Gram-negative bacilli for cefotaximc. tobramycin , and polymyxin E. A total 
of 374 different strains were isolated in a 30-month period. The different species are presented in 
descending order of frequency of isolation. Sen,itivity of Proteus 'PP· to polymyxin E was not de­
termined ( intrinsically insensitive) .  
Results with Pseudomonus spp. may over-c,t1matc cefotaximc rc�istancc (sec Method�). 
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Secondary colonisation 
The majority of acquired GNB was isolated only once but in 2 1  % (34) patients 
these strains gave rise to secondary colonisation .  In the majority of cases (29) the 
rectum was the site of colonisation (figure 2). The concentration of GNB in rectal 
contents remained low. All strains except one (P. morganii) were sensitive to the 
combination of tobramycin and polymyxin E and they were eliminated in 66% of 
the cases. In the remaining cases the regimen was discontinued on discharge from 
the ICU. In most patients (24/29) the GNB responsible for colonisation were iso­
lated only 2-3 times (range 2-7) indicating the transient  nature of colonisation . 
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The percentage of patient\ who acquired ICU-a,sociated Gram-negative bacill i  and subsequently 
developed colonisation and mfection. The acquisition and colonisation rates of the total patient po­
pulation and of each individual 'itc are prc>cnted. 
Gastro-in testinal colonisation with cefotaxime resistant strains occurred in 
10% ( 1 7) patients. Nine of the strains were primarily resistant to cefotaxime and 
the other eight strains developed resistance after init ial ly being sensitive. In  1 4  
out of 1 7  patients (82% ) , these strains were el iminated by the oral nonabsorbable 
antibiotics within one week .  Colonisation of lower respiratory tract , urinary tract 
or wounds with cefotaxime-resistant GNB was found in only three patients (2% ) . 
Secondary infection 
Three patients developed wound infections with cefotaxime-resistant GNB (E. 
cloacae, P. aeruginosa and Acinetobacter sp. )  and one patient developed a respi­
ratory tract infection (Acinetobacter sp . ) .  No secondary Gram-negative urinary 
tract infections occurred. Three cases of Gram-negative septicaemia (E. coli, P. 
mirabilis, A .  calcoaceticus) occurred in group I ,  compared with no cases of such 
septicaemia after cefotaxime had been added to the prophylactic antibiotic regi­
men (groups 1 1-V) . 
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Figure 3 shows the overall percentage of patients colonised with G NB resistant 
to tobramycin ,  polymyxin E or cefotaxime, in each study period . Both primary 
and secondary colonisation of any site are presented. Colonisation by polymyxin 
E-resistant GNB (Proteus spp . )  occurred in 8% ( 13) patients and by tobramycin­
resistant strains in 4% (7 patients) . The site of colonisation was the GI-tract or 
oral cavity in 1 9/20 cases . No significant differences were found between the inci· 
dence of resistance in any of the study periods. 
Discussion 
It is well known that more than 80% of critically i l l  patients are colonised by 
hospital-acquired GNB within I 0 days of treatment (Northey et al . ,  1 974; Shield 
et al . ,  1 979; Thorp et a l . , 1 979) and that these (often multiple resistant) organisms 
are responsible for the majority of late infections (Rose & Babcock,  1 975 ; Wein­
stein & Kabins, 1 98 1 ) . 
In earlier studies (Stoutenbeek et al . ,  I 984a,b ) ,  we showed that topical applica­
tion of non-absorbable antibiotics in the oropharynx and GI-tract is h ighly effec­
tive in preventing secondary colonisation and infection with hospital-acquired 
GNB.  This study, extending the experience over a 30 month period, confirms 
these findings. In leukaemic patients similar results were obtained with oral gentami­
cin therapy (in combination with vancomycin and nystatin ) .  However, a h igh inci-
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The percentage of patients who developed (transient) colonisation with cefotaxime, polymyxin E 
or tobramycin resistant strains, during their stay in the ICU . No increase in antibiotic resistant 
strains was found during the 30-month �tudy period. In the first period ( 1 982 1 )  cefotaxime was not 
included in the antibiotic regimen and sensitivity to cefotaxime was not routinely determined. Poly­
myxin-re�istant strains were invariably Proteus spp. 
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dcnce of resistance has been reported (Klastersky et a l ,  1 974; Hahn et al . ,  1 978) . 
Besides, overgrowth with gentamicin-sensitive strains often occurred (Klastersky 
et al, 1 974) .  
During 30 months o f  continuous topical use of tobramycin and polymyxin E 
there has been no increase in the incidence of resistance . Polymyxin E-resistant 
strains were invariably Proteus spp. which are intrinsically insensitive to this drug. 
It is well known that development of polymyxin- resistance is extremely rare 
(Sogaard, 1 982) .  
Tobramycin-resistant strains. assessed by standard criteri a .  were not common . 
In one patient the GI-tract was colonised with tobramycin-resistant P. morganii 
( inhibition-zone 1 6  mm) ; nevertheless the organisms later disappeared . probably 
because tobramycin levels in faeces are very high with this regimen (Mulder et al . .  
1 984) . 
Secondary colonisation of the GI-tract with GNB sensitive to the combination 
of tobramycin and polymyxin E was found in 29 patients ( 1 8% ). However, the ef­
fectiveness of the topical antibiotics was apparent from the low growth densities 
of the organisms and the transient nature of colonisation . The fact that sensitive 
organisms were able to persist for a while may reflect the impaired colonisation 
defence of the G I-tract as long as peristalsis is absent .  
The discrepancy between the incidences of aminoglycoside-resistance in  this 
study and the studies using gentamicin en vancomycin might be explained by the 
fact that gentamicin is largely inactivated by faeces whereas tobramycin is not 
(van Saene et al . ,  I 985a) .  by our use of a synergistic combination of tobramycin 
with polymyxin E (van Saene et al . .  1 985a) . by the preservation of the indigenous 
(anaerobic) flora which might contribute to the colonisation resistance (van der 
Waaij et al . ,  1 97 1 ) .  
Recent studies reported a very h igh incidence of colonisation of the major or­
gan systems with resistant GNB and suprainfection (up to 25%)  during therapy 
with third- generation cephalosporins (Platt et al . ,  1 98 1 ; Schentag et a l . , 1 985) .  
None of  these studies reported data on  changes in  the oral or intestinal flora , 
which would probably show an even higher rate of emergence of resistant strains. 
In  this study no i ncrease in  the incidence of cefotaxime-resistant strains was ob­
served. Development of resistance of E. coli, Klebsiella spp. and P. mirabilis was 
not common . The majority of cefotaxime-resistant strains (e.g. E. cloacae, 
Pseudomonas spp . and P. morganii) were first found in the GI-tract . Because 
these GNB were not present in the flora on admission they were considered to be 
hospital-acquired. Acquisition of resistant strains seems to be an important me­
chanism of emergence of resistance. However, it is possible that some of the strains 
were already present  in the admission flora in a growth-density too low to be de­
tected by routine bacteriological methods. Only 8 strains of GNB (e .g .  E. 
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cloacae) in the intestinal flora, which were previously sensitive to cefotaxime , 
developed resistance . The sub-inhibitory concentration of cefotaxime in faeces 
(Stille et al . ,  1 983) probably induced resistance in organisms with inducible B-lacta­
mases (Sanders, 1 983) .  None of the cefotaxime-resistant GNB colonising the GI­
tract were resistant to the combination of tobramycin with polymyxin E and the 
majority of the organisms was eliminated before they could cause clinical pro­
blems. 
In  conclusion it can be said that the combined regimen was h ighly effective in 
preventing acquisit ion, secondary colonisation and infection by hospital-associ­
ated GNB while no increase was observed in resistance to the antibiotics used. 
Most resistant strains were found in the intestinal flora . Surveil lance of oropha­
ryngeal and intestinal flora should become part of the routine monitoring of criti­
cally i l l  patients in the intensive care unit .  
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Abstract 
The impact of an integrated strategy for the management of the multiple trauma 
patient, on the mortality. i!> dc!>cribcd. The treatment include� aggrcs�ivc rc�uscita­
tion . prophylactic mechanical ventilation, early ostcosynthcsis and infection pre­
vention with oral nonabsorbablc and �y�tcmic antibiotic!> . In a 30-month period 
1 67 patients with an Injury Severity Score of 1 8  or more were treated according to 
these principles. Twenty-three patients ( 1 4'X, ) died. The main cause of death was 
cranioccrcbral trauma (22 patients),  which was mostly fatal within the first five 
days of treatment. No patient died from multiple organ failure ,  scp�is or ARDS. 
No correlation was found between the Inj ury Severity Score and mortality, or age 
and mortality. It i� po�tulatcd that infcctiou� complication!> arc �olcly responsible 
for the high correlation which is normally found between age or Inj ury Severity 
Score and late mortality and that thc�c complication!> can almo!>t completely be 
prevented by an integrated trauma treatment protocol,  including an effective in­
fection prevention �tratcgy. 
Introduction 
Trauma i!> the principal cause of death in pcr�ons under the age of 37 year� in 
our society.  The mortality at the scene of injury and in the first 24 hours of emer­
gency care i!> cau!>cd primarily by i rreversible cerebral damage or massive 
haemorrhage . The mortality in the next 72 hours ('early mortality') is mainly due 
to the development of ma!>!>ivc cerebral oedema m severe cerebral inj uric!>, 
whereas late mortality (after 4 days) is generally caused by sepsis and multiple 
organ failure (Baker ct al . ,  1 980) .  
To describe and quantify the severity of injuries, a scoring system , the 'Abbre­
viated Injury Scale (AIS) ' ,  has been published by the Committee on Medical 
Aspects of Automotive Safety ( 1 97 1  ). Based on the AIS,  Baker ct al. developed 
the ' Inj ury Severity Score ( ISS) ' ,  a method rating the overall severity of injury in 
persons who have sustained inj ury to more than one area of the body and which 
was designed to compare death rates of groups (Baker et al . ,  1 974) .  The 'Hospital 
Trauma Index (HTI)' is a new version of the AIS, which has an additional score 
for the cardiovascular system (American College of Surgeon�, 1 980) . The ISS can 
be calculated with both the AIS or the HTI , and although the HTI-ISS is generally 
somewhat higher than the AIS-ISS, both score!> correlate very well (Goris & 
Draaisma,  1982) . Since the introduction of the ISS, several studies have shown 
the prognostic value of this index for morbidity and mortality (Baker ct al . ,  1 974; 
Gerritsen et a l ,  1 982; Lauwers et al . ,  1 986) . 
Age is another major determinant of outcome. Bull introduced the LD50, 
which he defined as a severity of injury that is lethal for 50% of the patients so in­
jured .  He found an age-dependent relationship, and determined that the LD,11 
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was an ISS of 40 for ages 1 5-44, 29 for ages 45-64, and 20 for ages 65 years and 
older (Bull, 1975) .  The main cause of mortality is sepsis and multiple organ failure 
(Baker ct al . ,  1 980; Goris & Draaisma,  1 982; Lauwers et a l . ,  1 986) and elderly 
patients seem to be particularly at risk (Horst ct al . ,  1 986) . 
This �tudy describes the effect of an infection prevention regimen as part of an 
in tegrated trauma service , on mortality, in relation to ISS and age . 
Patients and methods 
All trauma patients admitted to the intensive care unit  between January 1 982 
and July 1 984, were retrospectively analysed for age, Injury Severity Score and out­
come. The ISS was determined using the Hospital Trauma Index . The HTI grades 
the severity of inj ury from 0 (no inj ury) to 5 (cri tical) in six organ systems: central 
nervous system , respi ratory , cardiovascular, abdominal ,  extremities, skin and 
subcutaneous tissues. Only patients with blunt trauma and an ISS ;;. 1 8  were 
included in the study.  This definition includes patients sustaining at least: 
either major injury to two organ systems, or one severely and one moderately in­
jured organ system , or one critical inj ury .  All patients dead on admission or dying 
within 1 hour after admission were excluded from the study. All other patients 
who died in the intensive care following blunt trauma, were included in the study, 
irrespective of the ISS. Thus no intensive care mortality was excluded from the 
�tudy. 
RESUSCITATION 
By 1 982 the pattern of care of the multiple trauma patient had become well 
established. Initial resuscitation measures included prophylactic mechanical venti­
lation of each patient with a HTl-ISS ;;. J S ,  independent of actual gas exchange, or 
chest X-ray. Oral endotracheal intubation was performed under general anaes­
thesia .  At the same time intra- arteria l ,  central and peripheral venous and urinary 
catheters were introduced to a llow monitoring, as well as providing access to arte­
rial blood for analysis of blood gases and biochemistry. Upon admission the pa­
tients received crystal loid and colloid solutions to restore intravascular volume. 
Blood was given to maintain a hematocrit of 30-35% .  A Swan Ganz catheter was 
introduced if indicated . All patients received a bolus of dexamethasone 1 mg/kg iv 
and cefotaxime 1 00 mg/kg iv .  Emergency operations were performed with the 
shortest possible delay . If the condition of the patient permitted, extensive radio­
logical diagnostic procedures were performed according to a fixed protocol inclu­
ding series of chest X-rays , intravenous pyelography,  ultrasound scan and, if  indi­
cated ,  arteriography or CT-scan (Kingma,  1 98 1 ) .  After completion of the dia­
gnostic procedures the patient was transferred to the operating room for operative 
fixation of fractures and/or diagnostic laparotomy .  
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I NTENSIVE CARE MANAGEMENT 
Mechanical ventilation 
I n  all patients mechanical ventilation was continued for at least 24 hours . Pa­
tients were ventilated with a minimum of 4 cm of positive end-expiratory pressure 
(PEEP) ; to avoid barotrauma the mean airway pressure was kept as low as possi­
ble by using small tidal volumes (5- 1 0  ml/kg) and a h igh frequency (20/min) .  The 
PEEP was adjusted to achieve an optimal functional residual capacity and gas ex­
change , guided by the chest X-ray, blood gas analysis and the arterial to endtidal 
C02 gradient (Murray et a l . ,  1 984) .  Patients were routinely intubated by 
orotracheal route , nasal intubation or tracheostomy were performed only where 
strictly indicated (e.g. mandibular fractures). Extubation was considered only if 
(i) patients were awake, cooperative and no longer required large amounts of 
analgesics or sedatives, and (ii) if adequate oxygenation was achieved on sponta­
neous respiration with a normal breathing frequency and a normal P.,C02 and (i i i )  
if the chest X-ray showed no signs of infiltrations or atelectasis, suggestive of re­
duced functional residual capacity. 
Sedation and analgesia 
Patients received incremental doses of either morphine and/or benzodiaze­
pines, or a continuous infusion of etomidate, for alleviation of pain and anxiety. 
Heavy sedation or deep anaesthesia with the use of muscle relaxants, was used 
only when strict ly indicated,  e .g.  cerebral edema , h igh PEEP, or differential lung 
ventilation . 
Cardiotonics!vasodilators 
All mechanically venti lated patients received low dose dopamine infusion ( 1 -5 
mcg/kg/min)  to counteract the negative inotropic effect and sodium retention 
caused by mechanical ventilation.  The h igh pulmonary vascular resistance found 
in multiple trauma patients (Sturm et al . ,  1979) was treated with a vasodilator 
(e.g. 5HT-antagonist, ketanseri n ) .  The vasodilator, dopamine and crystalloid so­
lutions were titrated to achieve an optimal peripheral circulation and a diuresis of 
at least 2 ml/kg/hour. For each patient the fluid balance was totalled every three 
hours, and so fluid therapy could be more accurately reassessed. 
Infection prevention 
Upon admission to the ICU baseline cultures were taken and the oral non­
absorbable antibiotics were started (see chapter 2) .  These were continued through-
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out ICU-stay. Systemic prophylaxis with cefotaxime was continued for at least 
four days. In 1 982 and 1 983 cefotaxime was di�continued only when all bacteriolo­
gical samples were free of potentially pathogenic microorganisms. In 1 984 the 
duration of systemic prophylaxis wa� reduced to 4 day� independent of bacteri­
ological results, unless there were �trict indications for continuation . 
Blood and pfasma transfusions 
To prevent diffu�e intravascular coagulation al l  patients were treated with fresh 
frozen plasma and mini-dose heparin .  A small dose of heparin ( 1000 U) was added 
to each unit of fre�h frozen plasma, in order to activate antithrombin I l l  (AT­
l l l )(Bick et al . ,  1 977). In this way no systemic heparin-effects are measurable .  The 
amount of fresh frozen plasma administered was titrated to keep the ATII I-level 
above 75% .  The total protein  and albumen content were kept within normal ran­
ges u�ing concentrated human albumen (20%) or single donor plasma. The haema­
tocrit was kept between 30%-35% with additional transfusions or red blood cell 
concentrates. 
Nutrition 
Parenteral nutrition was administered from the 2"" day on , gradually in­
creasing the amount of calories, aminoacids and l ipids. Enteral nutrition was 
started as quickly as possible . Antacids or H1-receptor blockers were given only 
where specifically indicated (h istory of ulcer or evidence of active bleeding) . 
Corticosteroids 
After the init ial high dose of dexamethasone, additional steroids were admin is­
tered when a patient developed signs of increasing capillary permeability , a posi­
tive fluid balance of more than 2 I/day, or signs of increased interstit ial oedema 
on the chest X-ray with a normal wedge-pressure , need for increasing amounts 
of cardiotonics etc. If the response to a test dose of 25 mg prednisolone iv was 
favourable , i . e .  increasing diuresis, less cardiotonics, and a negative fluid 
balance , a maintenance dose of steroids (25-50 mg prednisolone/day) was given ,  
which was slowly tapered off by  5 mg/day. 
Nursing care 
In  the first few days fol lowing trauma, one nurse per shift was assigned to the 
patient , being responsible for this patient only (bedside-monitoring) . 
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Results 
In this 30-month period a total of 3435 patients were admitted to the ICU , with 
a global mortality of 3 . 1 per cent .  Of these, 265 patients were admitted following 
trauma and 1 67 fulfi l led the criteria for entering the study. All patients were 
mechanically ventilated with a mean duration of 1 0.0 days and a maximum of 
80 days. In four patients (2 .4%) a tracheostomy was performed. Twenty-three pa­
tients died ( 1 3 .8% ) .  Table I shows the age , stay, and HTI-ISS of survivors, non­
survivors and of the total group. The mean age and HTI-ISS of the non-survivors 
did not statistically differ from those of the survivors. Early death ( 4 days or less) 
Table I .  Population characterbtlcs. 
Survivor� Nonsurvivors Total group 
Number of patients 1 44 23 1 67 
male 1 1 2 1 7  1 19 
female 31 6 38 
Mean Age (years) 33.7 + 1 9.6 3 1 . 7 ± 1.u 33 . .f ± 20.3  
range 0 - 89 0 - 80 0 - 89 
Mean �lay in ICU (day�) l.f . I ± 1 2 9 3. 6 ± 3. .f 1 1. 7 ± 1 2. 6  
range 2 - 86 1 - 1 4 1 - 86 
Mean HTI-ISS 35 .9 + 1 2 .7 38.� ± 1 2 .6 36 2 ±  1 2 . 7  
range 1 8 - 75 J 0 - 59 JO - 75 
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Distribution of moriality in relation to the duration of stay in the ICU in 1 67 trauma patients with an 
HTI-ISS score of 18 or more. The highest mortality occurred in the first 5 days as a consequence of 
head injuries. From the patients with a prolonged ICU-stay (up to 86 days) only six patient� died 
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occurred in I 7 cases ( I  0.2%) and late death (5 days or more) in 6 (3.6% ) .  Figure I 
presents the relation between mortal ity and duration of stay in the ICU.  No pa­
tient died after 2 week� of intensive care , although 42 patients (25%)  stayed more 
than 2 weeks in the ICU (up to 86 days) . Head- inj uries were the cause of death in  
a l l  except one patient ;  one patient died from acute liver failure of unknown origin ,  
after a relatively small trauma (HTI-ISS- 1 0) .  Sepsis and multiple organ failure 
were not found to be a cause of death . 
The age distribution and mortality is presented in Figure 2 .  The relationship 
between age and ISS is shown in a scattergram in Figure 3 .  To detect the influence of 
advanced age on mortality, patients were divided into two groups: patients over 
60 year<; ( n=25) ,  and patients 60 years or younger (n=  142)(Table 2). The diffe­
rence in mortality was statistically not significant .  However, the elderly patients 
had a significant longer ICU-stay compared to the younger age group (p<O.O I ) . 
The relationship between the ISS and mortal ity is presented in Figure 4. Six pa­
tients with an ISS of 66 or 75 survived (figure 3 .4) . 
Sedation 
Thirty-eight patients received a continuous etomidate infusion , with a mean 
daily dose of 1 1 26 mg (maximum of 2400 mg/day) and for a mean duration of 4 .5  
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Distribution of mortality in relation to the age of the patient.  No significant increase in mortality 
was found for the advanced age group�. 
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Scattergram !>howing the rel.Ilion hetwecn mortality Wf'• U\ age and HTl- ISS for 1 67 trauma pa­
tient,. Six patient' with the h1ghe't HTI-ISS (66 and 75) �urviH!d. Five p.itient' of more than 60 
year!> of age died. 
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Figure 4. 
Mortality in  relation to HTI-ISS. In  contrast to other studies 'uch as a recent study of Lauwer!> et al 
( 1 986) . no correlation was found between the severity of injury and mortality. The figure� on top of 
the bars represent the absolute number of patients. 
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days (range I - 1 2  days) . No patient died . These patients had a significantly higher 
mean-ISS, a longer mean stay in the ICU and received more corticosteroids than 
the patients receiving sedation with morphine/benzodiazepine (Table 3) .  
Fresh frozen plasma 
The mean volume of plasma transfused amounted 25 units per patient (stan­
dard deviation=27;  range 2-205 units). A significant correlation was found be­
tween the use of plasma and the HTI-score for abdominal trauma (r=0.57) ,  the 
HTI-score for chest trauma (r=0.47) and with the injury severity score (r=0.49) .  
Corticosteroids 
Apart from the ini tial pharmacological dose of dexamethasone , 59 patients 
(35% )  received additional corticosteroids during I CU-stay. I n  1 6  patients dexa­
methasone was given for cerebral oedema while in 43 patients (26% ) prednisol­
one was given for suspected relative adrenocortical insufficiency. The mean dose of 
prednisolone was 33.7 ± 2 1 .9 mg/day (± standard deviation ; maximum 100 mg/ 
day) . 
Tahlc 2. Mortality of elderly patients. 
0-60 years >60 years 
Numhcrof patients 1 42 25 
Died 1 8 ( 1 2.6"'0 )  5 (20"1o )  NS 
Mean Age (years) 26.7 ± 1 3 .0 7 1 .8 + 6.92 
range 0 - 59 6 1 - 89 
Mean �lay in ICU (days) 1 1 .5 ± 9.7 1 9 .6 ± 2 1 .9 p<0.0 1  
rc.1ngc 1 - 66 1 - 86 
Mean HTl-ISS 36.6 ± 1 3 .2 34.3 ± 9.38 NS 
range JO - 75 1 9 - 50 
Ta hie 3. Comparison of patients surviving 5 <lays or more and receiving two forms of sedation . 
Morphine{ 
benzodiazepincs Etomidate 
Number of patients 1 02 38 
Mortality 5 (4.9% ) 0 
Mean Age (years) 36. J ± 20.5 30.9 ± 1 7 .7 NS 
Mean �tay in ICU (days) 1 3 . 1 ± 1 1 .6 18 .4 ± 1 5 .5  p=0.03 
Mean HTl-ISS 33.7 ± JO. I 4 1 .4 ± 17 .0  p=0.001 
Numher of patients 
reccivi ng corticosteroids 34 (33%) 25 (66% ) p<0.00 1  
Total dose prednisolone 93.8 -t 205. 1 292.8 ± 2 1 8. 1  p<O.!Xl l 
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Discussion 
It is generally accepted that the Injury Severity Score is a valuable prognostic 
index for mortality in multiple injured patients and is useful to evaluate the quality 
of care and to compare death rates of groups (Bul l .  1 982 ; Greenspan et al . .  
1 985) .  Table 4 summarizes the mortality reported for different groups of trauma 
patients. The mortal ity varies between 0% (Seibel et al . .  1 985) and more than 
50% for an ISS greater than 45 (Lauwers et al . .  1 986) . with an average mortality 
of about 25-33% . Although these studies varied widely in inclusion criteria and 
thus in  patient population , they had in common that most of the mortal i ty was 
caused by multiple organ failure and sepsis. 
Table 4.  Mortality rate' reported h} other invc,tigator,. 
lnve,tigator Year 
Sturm ct a l .  1 979 
Gori' et a l .  1 982 
Pini l la 1 982 
Watt & 1 984 
Ledingham 
Pepe et a l .  1 984 
Seibel et a l .  1 985 
G linzct a l .  1 985 
Baker et  al. 1 985 
Moore et al 1 985 
Lauwers et a l .  1 986 
Johnson et al. 1 986 

























!SS Study population 
41 Sewn: pol} trauma. excl. 
brain damage and children .  
4 1  Major fracture\. cxcl. 
children and died < 1 hr 
3- 1 � Multiple trauma patient' 
1 6-30 .idmittcd to the ICU 
3 1 -35 
36-50 
5 1 -75 
Blunt che't trauma 
26 Multiple traum,1 patient' 
24 admitted to the I CU 
32 Pulmonary contusion 
mult iple major fractures 
36.3  Fractured femur or  
37.3 acetahulum. ISS >22 
29.3  excl. curly deuth 
.n and age >65 and < 16 
30.2 Exel . early death and 
3 1 . 2  preexisting infection 
22.5 Mult iple trauma patient' 
26.3 admitted to the ICU 
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36.8 Multiple trauma patienN 
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26 Pulmonary contusion 



























• High mortality in multiple trauma patients treated with continuou; etomidate infu;ion. 
78 
Our study shows that the reduction of mortality is due primarily to the prevention 
of sepsis and multiple organ failure .  particularly in patients with a high ISS and 
elderly patients. However, the very low late mortality in this study should not be 
attributed solely to the infection prevention strategy. Infection prevention is part 
of a complex intensive care treatment,  aiming to support not only the respiratory 
and cardiovascular system,  but also the specific and nonspecific defence capaci­
ties against trauma and infection of the critically ill patient .  However, many the­
rapeutic strategies are still largely empirical and are the �ubject of as many contro­
versies. In the following �ection the contribution of different aspects of treatment 
are reviewed. 
Enrly osteosynthesis 
In  the past 10  years compell ing evidence has accumulated suggesting that im­
mediate internal fixation of fractures and prophylactic mechanical ventilation re­
duces the risk of posttraumatic pulmonary insufficiency and �epsis, and decreases 
mortality (Riidi & Wolff, 1 975 ; Wolff et a l . , 1 978; Riska et al . ,  1 977; Goris et al . ,  
1 982) .  The posttraumatic pulmonary insufficiency includes syndromes such as 
'fat embolism' or ' ARDS',  which probably have the same pathogenesis (Pollak & 
Myers. 1 978; Amundsen ,  1 980) .  Johnson et a l .  found a significant increase in the 
incidence of ARDS associated with a delay in  operative stabil ization of major 
fracture�. particularly in patients with �evere injuries (Johnson et al . ,  1 985). Seibel 
et al . studied the effect of prophylactic mechanical ventilation and immediate 
versus delayed internal fixation of a femur or acetabulum fracture on posttrauma­
tic pulmonary insufficiency in 56 multiple trauma patients. They found that I 0 
days of femur traction doubled the duration of pulmonary insufficiency and in­
creased the risk of sepsis. Patients who were treated with femur traction and who 
were extubated after surgery had the highest incidence of pulmonary insufficiency 
and sepsis increasing the duration of the intensive care period by a factor 3 to 5 
(Seibel et al . ,  1 985). Other studies demonstrated that early osteosynthesis with­
out prophylactic mechanical ventilation did not prevent ARDS and that prophy­
lactic mechanical ventilation with positive endexpiratory pressure is only effec­
tive in combination with early osteosynthesis (Riidi & Wolff, 1 975 ; Wolff et a l ,  
1 978; Goris e t  a l . , 1 982) . One of the possible mechanisms explaining the favour­
able effect of mechanical ventilation on the infection rate is the fact that tissue oxy­
genation is extremely important for local infection defence. It has been shown that 
systemic antibiotics are effective in preventing wound infections only in the presence 
of high tissue oxygen- tension (Knighton et al . ,  1 986). Therefore appropriate mea­
sures should be taken to increase the tissue oxygenation (e.g. mechanical ventila­
tion , cardiovascular support, vasodilators and reduction of interstitial oedema etc) . 
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Steroids 
Corticosteroids are of paramount importance in the metabolic response to injury. 
After severe injury the cortisol levels may increase up to 5 times the normal 
values i .e .  the 'stress-response' .  After two weeks the plasma cortisol levels are still 
twice normal and the diurnal rhythmicity in cortisol is lost (Alberti et a l . , 1 980) .  
Apart from the well known metabolic effects, corticosteroids have many complex 
functions including stimulation of the synthesis of acute phase proteins, poten­
tiation of the effect of catecholamines, preservation of the integrity of small ves­
sels, reduction of platelet adhesiveness , inhibition of prostaglandin synthesis and 
bradykinin formation . inh ibition of aggregation of leukocytes and stabilisation of 
l iver lysosomal membranes (Gann & Lilly , 1 983). Little is known of the optimal 
plasma cortisol levels in intensive care patients nor is i t  possible to adequately mo­
nitor corticosteroid functions. 
Steroid therapy remains a controversial area. The reluctance in prescribing cor­
ticosteroids in intensive care patients is based on fear of infections and the catabolic 
effects and the delay of wound healing by h igh doses of corticosteroids. However, 
occult and untreated adrenocortical insufficiency in the intensive care patient is 
described in association with sepsis (Sibbald et a l . ,  I 977) , following general or 
cardiac surgery (Hubay et a l .  1 975 : Alford et al . ,  1 979) . or due to posttraumatic 
adrenal haemorrhage (Sevitt et a l . ,  I 955) ,  or by medication such as etomidate 
(Wagner et al . ,  I 984; Watt & Ledingham. 1 984) :  it is reported to have a h igh mor­
tality. Occult or relative adrenocortical insufficiency is characterized by plasma 
cortisol levels that may be stil l within the normal l imits but which fail to respond to 
synthetic ACTH (Sibbald et al . ,  I 977) .  The presenting symptoms are hypoten­
sion , despite maximal inotropic support and volume loading, fever, tachycardia, 
'capillary leak',  and increased susceptibility to infections. The classical picture of 
an Addisonian crisis is seldom seen in these patients. since many signs are masked 
by symptomatic therapy such as control of fluid and electrolyte balance . The dia­
gnosis is confirmed by an adequate clinical response to intravenous corticosteroid 
administration (two to three times normal maintenance dose) .  In the present stu­
dy relative adrenocortical insufficiency was observed in 43 patients, part of which 
were probably caused by the use of continuous infusion of etomidate. The admi­
nistration of the socalled 'pharmacological dose' of corticosteroids is shown to be 
effective in the prevention of adult respiratory distress syndrome (ARDS) or 'fat 
embolism' or posttraumatic pulmonary insufficiency following severe trauma 
(Rokkanen et a l . ,  I 974; van der Merwe et al . ,  I 985) .  In a prospective controlled 
study in  patients with severe blunt injury of the chest and pulmonary contusion,  
Svennevig et a l .  ( 1 984) have shown that the administration of a bolus of methyl­
prednisolone (30 mg/kg iv) produced a significant reduction of the pulmonary vas­
cular resistance and the right ventricular work load, compared to a non-treated 
80 
control group. This effect was noticeable up to the fifth day after trauma. The 
non-treated patients had to be mechanically ventilated more often, had signifi­
cantly more respiratory tract infection-., and developed hypercoagulability and 
' fat embolism' more often than the treated group. Apparently, the benefits of cor­
ticosteroids outweigh the potential adver-.e effects in the!>e circum�tances. The 
choice of corticosteroids seems to be important with reference to the effect on the 
phagocytic and bactericidal capabilitie� of normal human granulocytcs; in a re­
cent study it was found that hydrocortisone and methylprednisolone had a delete­
rious effect on phagocyto�is of granulocyte-.. wherea� dexamethasone with a con­
�iderably greater anti inflammatory effect than the other two steroids, had no ad­
verse effects on phagocytosis (Baltch et al . ,  1 986) . This is in agreement with the 
clinical observation that dexametahasone treatment did not increase the inciden­
ce of pneumonia in mechanically ventilated headtrauma patients (Braun et al . ,  
1 986) .  I n  the present study a pharmacological dose o f  dexamethasone was ad­
min i�tered on arrival in the hospital , but due also to the infection prevention 
regimen. no infectious complications of corticosteroids were observed. 
Plasma substitution 
Following trauma.  the cascade-systems e .g .  the coagulation . fibrinolytic, kall i­
krein-kinin and complement systems, are al l  activated (Risberg et a l . ,  1 986). 
These �ystems. that are al l  in timately related in a very complex way, play a specific 
role in the development of posttraumatic pulmonary insufficiency (Risberg & 
Heideman. 1 980) .  The natural inhibitor� of the�e �y�tems are the acute phase 
proteins: antithrombin-1 1 I, oc2-macroglobul in ,  oc 1 -antitrypsin and fibronect in .  
Most of these proteins are concentrated in strategic positions such as alveolar 
macrophages, or in the luminal surface of endothelial cells of arteries, veins, and 
lymphatics. Immediately after trauma the prekall ikrein ,  ATi l l .  fibronectin and 
complement levels are significantly decreased during 4-5 days (Wilson et al . ,  
1 986; Kapur et a l . , 1 986; Stahl et al . ,  1 985) .  
Antithrombin-Ill 
Antithrombin-I I I  (ATI I I )  is the major inhibitor of thrombin and other serine 
proteases in the blood coagulation system. ATII I  is activated by heparin and 
forms an irreversible complex with activated clotting factors (e .g .  thrombin , fac­
tor x .. , and plasmin) which is in turn cleared by the reticulo-endothelial system 
(RES) (Bick et al . ,  1 977) .  ATII I  is also a potent inhibitor of plasma kallikrein 
(Burrowes et al . ,  1 975) and of the first component of complement but only in  the 
presence of heparin (Ogston et al . ,  1 976) . By a specific immunofluorescent tech­
n ique ATll I  was found to be localised predominantly in the microvasculature of 
the lung and kidney, and in the walls of the large vessels , but also in the l iver and 
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spleen . The presence in the liver and spleen probably represents engulfment of 
A Ti i i-protease complexes by the RES rather than production , whereas the other 
strategic locatiom of A Ti i i  may serve to maintain the blood fluidity (Lee et 
al . ,  1 979) . AT- I I I  monitoring serves as an useful and sensitive indicator of the con­
sumption of activated clott ing factors e .g. in diffuse intravascular clotting (Bick et 
al . ,  1 977) and is an early indicator of developing Gram-negative septicemia 
(Buller et al . ,  1 982) . For the activation of AT-I I I  a very low amount of heparin is 
sufficient (Bick et al . ,  1 977). 
I n  a recent study it has been shown that A Tii i  levels tend to be low immediately 
after trauma (-t7'Yc, ± 1 -t'Yo ) and then progressively rise to approximately 90% of 
control values after 48 hours if no complications developed. In those patients who 
developed complications, the mean A Ti i i  leve l on the third day wa� only 57% ± 
7%.  The A Tii i  level then tended to fall or failed to increase unti l  the complication 
was corrected or the patient succumbed. The average ATII I  level in the the pa­
tients who died ( 42% ± 22%) was significantly lower than in the patients who 
lived (78'Yo ± 1 9% ). Efforts to increase ATI I I  leve ls included the admin istration 
of fresh frozen plasma daily. One unit of fresh frozen plasma increased the A Tii i  
leveb in  some pat ient� with 5%- 10% , but the response was quite variable (Wilson 
et al . ,  1 986) . So far no controlled clinical trials haven been conducted to study the 
effect of punfied A Tii i  supplement on the prevention of sepsis, posttraumatic 
pulmonary insufficiency or multiple organ failure. 
Plasma fibronectin 
Plasma fibronectin is an opsonic glycoprote in which is the key determinant of 
the reticuloendothelial phagocytic clearance of nonbacterial particulates. The 
phagocytes of the liver and spleen are the major mechanism involved in the 
clearance from the circulation of particulate matter such as fibrin ,  platelet aggrega­
tes, damaged tissues and their breakdown products (Scovill et al . ,  1 977;  Saba & 
Jaffe , 1 980) .  They also participate with other immune mechanisms in bacterial 
clearance (Saba, 1 975) .  Data from both animal and human studies suggest 
that a deficit of plasma fibronectin may be a cause of RES depression fol lowing 
tissue injury (Saba & Jaffe , 1 980) .  Studies in multiple trauma patients show an 
early decrease in the circulating level of opsonic activity. In surviving patients 
there is a tendency for the normal values to be restored by 72 hr postinjury, whereas 
non-surviving patients manifest a sustained depression offibronectin and develop 
sepsis (Scovill et  al . ,  1 977;  Wilson et al . ,  1 986) .  Rogers et a l .  found a highly signifi­
cant correlation between severity of trauma, the amount of microaggregate for­
mation , consisting of platelets. fibrin and white cells. and the amount of fibronec­
t in depletion. The RES phagocytoses the microaggregates, effectively removing 
them from the circulation and preventing them from being deposited in end or-
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gans. The depletion of fibronectin and the associated RES depression might be 
responsible for the development of diffuse intravascular coagulation , posttrau­
matic pulmonary insufficiency. and multiple organ failure (Rogers et a l . , 1 986) . 
Infusion of cryoprecipitate . which is rich in fibronectin,  reversed the opsonic acti­
vity and the RES-failure (Saba et a l . ,  1 978 . 1 984) , improved pulmonary function, 
renal function and the microcirculation (Scovi l l  et  al . ,  1 979; Annest et a l . .  1 980) .  
I n  the study of Scovill e t  a l .  a mean of 329 m g  of fibronectin was administered . 
Cryoprecipitate contains approximately 2 mg/ml fibronectin, fresh frozen plasma 
0.33 mg/ml ,  and cryoprecipitate-extracted plasma ('single donor plasma') 0. 1 
mg/ml .  
Immunoglobulins 
Glinz et a l .  reported a marked deficit of immunoglobulins, complement factors 
and acute-phase proteins,  during the first 1 2  days following trauma. In a prospec­
tive , placebo-controlled double blind trial in multiple trauma patients who requi­
red longterm mechanical ventilation, they were able to demonstrate the prophylactic 
effect of intravenous immunoglobulins on the incidence of pneumonia. How­
ever, no effect on the mortality rate was found compared to the untreated con­
trol group. The amount of immunoglobulin administered in this study (3 times 1 2  
g purified immunoglobul in) appeared to be an insufficient quantity to produce a 
significant change in plasma IgG-levels. Since the halflife of infused immuno­
globulins in healthy individuals is about three weeks, this may indicate a large 
extravascular deficit of immunoglobulins or a pathological consumption or loss 
of administered IgG (Glinz et al . ,  1 985) .  Apart from low immunoglobulin levels 
there is evidence that complement is also depleted in the postinjury period 
following moderate to severe injury (Kapur et a l . ,  1 986; Stahl et  al . ,  1 985) .  To 
reverse the immunosuppressive effect of trauma both immunoglobulins and 
complement should be substituted. 
In the controversy over the use of crystal loid versus that of colloid in resuscita­
tion , the depletion of acute-phase proteins, in particular ATI I I  and fibronectin ,  and 
of immunoglobulins and clotting factors, in the first week following trauma, has 
received very l ittle attention . The main subject of discussion has been the reduc­
tion of the plasma oncotic pressure by crystalloid fluid and the subsequent develop­
ment of interstitial oedema and pulmonary insufficiency (Lowe et al . ,  1 979) . Con­
sidering the accumulating clinical evidence of the beneficial effects of substituting 
these plasma proteins by the administration of special preparations such as cryo­
precipitate, purified immunoglobulins, or ATII I -concentrate, substitution thera­
py using fresh frozen plasma should begin immediately upon admission to the 
hospital , rather than waiting unti l  the advent of multiple organ fai lure, before 
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commencing treatment .  Due to the increased capillary permeabi l ity in the first 
days fol lowing severe trauma , plasma proteins leak into the extravascular space 
(Sturm et al . .  1 986) , and often a large amount of colloid solution is necessary to 
maintain an adequate circulation;  this should be given partly as fresh frozen 
plasma to compemate for the loss of essential plasma proteins. To augment the 
effect of administered ATI I I  'mini '  amounts of heparin are added to the fresh 
frozen plasma ( 10 00 E heparin/unit fresh frozen plasma) . In the present study. the 
amount of fresh frozen plasma uti l ised .  represents 6 t imes the amount of fibronec­
tin used by Scovi l l  ct a l .  ( 1 979) and 2 times the amount of 1mmunoglobulins used 
by Glinz et al . (  1 985) .  The question whether in our study the use of fresh frozen 
plasma and heparin has contributed to the overal l  favourable outcome . should 
be answered in a separate clinical investigation . 
Analgesia and sedation 
As yet li ttle attention has been paid to the effect of sedatives. analgesics and 
muscle relaxants on the colonisation defence of the oropharynx and intestines. 
However. anaesthesia, heavy sedation or analgesia and especially muscle relax­
ants do depress salivary flow . swallowing and peristalsis and may thus adversely 
affect the colonisation defence. This might be the explanation for the high inci­
dence of pneumonia in comatose patients particularly when treated with barbitu­
rates (Espersen & Gabrielsen.  1 98 1 ; Braun et al , 1 986) or in patients treated with 
continuous etomidate (Watt & Ledingham. 1 984) . Often a vicious circle develops 
starting with agita tion , then sedation . followed by colonisation and infection with 
impairment of vital functions. leading to more agitation and more sedation and so 
forth .  The high mortal ity (77%) with continuous infusion of etomidate , reported 
by Watt & Ledingham. was due to infection and multiple organ failure (Watt & 
Ledingham , 1 984) . In the present study no patient using etomidate died, proba­
bly due to the use of corticosteroid suppletion and adequate infection prevention . 
Where continuous sedation or muscle relaxation is deemed necessary. e .g .  in pa­
tients with head injuries. or in patients having h igh PEEP or being treated with 
differential lung ventilation. infection prevention as described in the previous 
chapters, is essential .  Besides, infection prevention reduces the need for heavy 
sedation after the first few days following trauma . provided the vital organ func­
tions are stabilised.  
Organisation 
The effect of organisation . and the staff to patient ratio on the outcome of in­
tensive care in trauma patients has not been extensively studied so far. Baker et 
al . reported that the institution of a trauma service and reorganisation of a surgi-
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cal intensive care , decreased the mortality rate from 1 6  to 6% and he i.uggested 
that the aggressive preventive management led to a reduction in the mortality from 
multiple organ failure and sepsis (Baker et al . ,  1 985) .  In our institution the use 
of an established treatment protocol , the high nuri.e :patient ratio, the good quali­
ty of nursing care ,  the round the clock presence of a qualified anesthetist-intensi­
vist in the ICU , and the availability of a traumatological staff, may all have contri­
buted to the low mortality. 
Conclusion 
The favourable results reported in this study are achieved by an aggressive and 
integrated strategy of management of the multiple trauma patient by a team of 
trauma surgeons, anesthetists and intensivists. The emphasis is laid on preven­
tion, which implies aggressive resuscitation, prophylactic mechanical ventilation, 
early internal fixation of fractures, prevention of diffuse intravascular coagula­
tion,  and prevention of infections. The nonspecific infection defence should 
be supported by substitution of essential plasma proteins, metabolic care and 
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Abstract 
The efficacy of selective decontamination of the oral cavity and GI-tract i n  the 
treatment of established Gram-negative pneumonia in  critically i l l  patients was 
evaluated in  a prospective open trial . Twenty-five patients with pneumonia cau­
sed by Enterobacteriaceae or Pseudomonadaceac were studied. All patient� 
were mechanically ventilated (range 2- 60 days) .  Non-absorbable antibiotics (poly­
myxin E 100 mg, tobramycin 80 mg. amphotericin B 500 mg) were administered 
through the nasogastric tube four times a day. The oral cavity was decontamina­
ted with an ointment containing 2% of the �ame antibiotics, applied to the buccal 
mucosa four times a day. For systemic therapy a combination of tobramycin (3-6 
mg/kg) with either cefotaxime (50- 1 00 mg/kg) or ceftazidime ( 100 mg/kg) was 
given both intravenously and by aerosol (50% intravenous dose/5 ml saline) four 
times a day . Eradication of pathogens from the respiratory tract was achieved in 
24 patients within 9 days (median 5 days). The cure rate was 96% . Two patients had 
a relapse . Neither recolonisation with resistant organisms nor supra-infections 
were found for the remaining period of mechanical venti lation (up to 60 days) , 
also after systemic/aerosol therapy had been discontinued . Only 3 patients 
died ( 12%) .  
Introduction 
Nosocomial Gram-negative pneumonia in the ICU has a notoriously high mor­
tality (33%-70%) and can be exceedingly difficult to treat (Stevens et al . ,  1974; 
Cross & Roup. 198 1 ;  Martin et a l . , 1 984; Bryan & Reynolds, 1 984; Tobin & Gren­
vik ,  1984; Schentag et a l . ,  1 985) .  Whilst the patient remains intubated it is difficult 
to eradicate Gram-Negative Bacilli (GNB) from the respiratory tract with sys­
temic antibiotic therapy alone , even when using potent new antibiotics (Reitberg et 
a l . ,  1984; Schentag et a l . ,  1985) . The incidence of relapse and superinfection is 
h igh (Tillotson & Finland 1969 ; Reitberg et al . ,  1 984; Stoutenbeek et a l . , I 984b; 
Weinstein & Reller, 1984) . 
I n  the pathogenesis of Respiratory Tract Infections (RTI) contaminated venti­
latory equipment no longer plays an important role (Comhaire & Lamy, 1 98 1 ;  
Cross & Roup, 1 98 1 ) ,  the major source of pulmonary pathogens being the oro­
pharynx (Johanson et a l . ,  1972 ; La Force , 198 1 ;  Crouch et a l . ,  1 984) .  In healthy 
individuals oropharyngeal colonisation by GNB is uncommon (La Force et al . ,  
1 976). Critically i l l  patients, however, are quickly colonised by nosocomial GNB . 
The most important determinants of colonisation are host characteristics e .g. the 
underlying disease (Cross & Roup, 1 981 ; Johanson et a l . ,  1972) ,  advancing age 
(Valenti , 1978) and antimicrobial therapy (Yoshioka et al . ,  1 982) .  Once heavy 
colonisation of the oropharynx with GNB is established (> 105 bacteria/ml) lower 
respiratory tract colonisation i nvariably follows, particularly in intubated pa-
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ticnts (van Uffclcn ct a l . , 1 984) and this may lead to the deve lopment of a Gram­
ncgativc pneumonia .  
A previous study has shown that selective decontamination of the oropharynx 
and G I-tract i::. effective in the prevention of nosocomial infections (Stoutcnbcck  
ct a l . , 1 984) .  This regimen depended on  the  administration of  oral nonabsorb­
ablc antibiotic::. known to preserve the indigenous flora, thus reducing the ri::.k of 
overgrowth by rc�istant organisms (van dcr Waaij , 1 979) .  Since 1 982 it has been 
routinely u.,cd in all patient� requiring prolonged intensive care . This study was 
designed to evaluate the use of the same regimen in combination with ncbuliscd 
antibiotic� in the treatment of c::.tablishcd Gram-negative pneumonia .  
An open,  prospective trial was performed in  patients with pneumonia  caused 
by Entcrobactcriaccac or P�cudomonadaccac to observe the effect of thi� regi­
men on mortal i ty and clinical and bacteriological cure rates. 
Patients and methods 
Patient� admitted to the surgical Intensive Care Unit ( ICU) of the University 
Hospital Groningen between January 1 982 and December 1 984 were studied. 
Criteria for entering in to the trial were pneumonia caused by Enterobacteriaceae 
or Pseudomonadaceae, respiratory insufficiency requiring endotracheal intuba­
tion and mechanical ventilation (for at least 2 days) and prolonged intensive care (5 
days or more) .  Twenty-five patient� were included in the study. Characteristics of 
the study population are listed in Table I .  Except for five multiple trauma pa­
tients. most patients were elderly patients (median age 63 years) . All patients had 
severe underlying disease and were orotracheally intubated and mechanically 
venti lated . The duration of stay in ICU varied from 5 to 79 days (mean 1 8.2  ± 
1 7 .4) and the length of mechanical ventilation from 2-60 days. 
Diagnosis of pneumonia was made on a clin ical picture of pyrexia,  leukocyto­
!.is, respiratory insufficiency and new infi l trations on the chest roentgenogram. 
Purulent sputum on Gram-stain (>25 leukocytes per microscopic field) and 
heavy growth of GNB from tracheal aspirate confirmed the diagnosis (Stevens 
et a l . ,  1 974 ; Tobin & grenvik ,  1 984) . 
Antibiotic regimen 
(i) Intravenous antibiotics 
A combination of two synergistic antibiotics was used: for Enterobacteriaceae 
infections: cefotaxime (50- 1 00 mg/kg/day) + tobramycin (3-6 mg/kg/day) and for 
Pseudomonadaceae infections: ceftazidime ( 1 00 mg/kg/day) en tobramycin (3-6 
mg/kg/day) .  
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Primary diagnosis Predominant Age 
pathogen (years) 
pancrealltis. brain abscess E. coli 40 
perforated bowel. haemodialysis P. aeruginosa 67 
abdominal sepsis P. aeruginosa 74 
diverticulitis S. marcescens 68 
prostatic carc . .  abd. sepsis P. mirabilis 59 
gastriccarc, abd. sepsis P. vulgaris 63 
abdominal sepsi�. aspiration P. aerugmosa 68 
mesent . thrombosis. leukaemia K. pneumoniae 45 
ruptured aortic aneurysm K. pneumoniae 76 
ruptured aortic aneurysm P. aeruginosa 63 
ruptured aortic aneurysm P. aeruginosa 69 
ruptured aortic aneurysm E. coli 60 
major va�c. �urg. GI-bleeding S. marce�cens 72 
major vasc. surg, shock K. pneumoniae 62 
ruptured aortic aneurysm K. pneumoniae 59 
uraemia, G I-bleeding. shock K. pneumoniae 6 1  
Lobectomy right lung K. pneumoniae 69 
CABG •• myxomectomy E. coli 49 
CABG, mediastinitis P. aeruginosa 75 
Empyema .necrotizing pneumonia P. morganii 64 
ncardrowning. polytrauma A. hydrophi/ia 23 
polytrauma. aspiration P. mirabilis 20 
neardrowning, polytrauma E. coli 23 
polytrauma. liverrupture E. coli 42 
neardrowning, polytrauma E. coli 3 1  
M V=Duration o f  Mechanical Ventilation 
CABG=coronary artery bypass grafting 
(i ) nebulised antibiotics 
Sex Stay MY Out-
(days) (day�) come 
M 8 7 
M 79 60 
M 16  1 2  
F 5 1  1 5  
M 8 6 
M 1 5  1 4  died 
F 6 3 
F 13  I I  
M 1 9  1 7  
F 13  10  
M 1 5  8 
M 32 32 died 
M 9 7 
M 6 4 
M 8 6 
M 5 4 
M 1 7  1 2  
M 8 6 
F 52 52 died 
M 1 3  1 0  
M 9 9 
M 1 3  1 0  
M 1 2  to 
M 5 2 
M 23 1 7  
Fifty percent o f  the intravenous dose of antibiotics in 5 m l  o f  saline were ad-
ministered by aerosol four times a day during mechanical ventilation . 
(iii) Selective decontamination of the GI-tract 
A suspension of nonabsorbable antibiotics (polymyxin E 1 00 mg, tobramycin 
80mg, amphotericin B 500mg) was administered through a nasogastric tube, four 
times a day. The tube was then clamped and suction was discontinued for one 
hour. 
(iv) Selective decontamination of the oral cavity 
A sticky ointment (Orabase®, Squibb) containing 2% of polymyxin E ,  tobra­
mycin and amphothericin B was applied to the buccal mucosa four times a day . 
The intravenous and nebulised antibiotics were continued until tracheal aspira­
te cultures were sterile for two consecutive samples. 
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Bacteriological surveillance 
Tracheal aspirate and oral swabs were collected on admission and three times a 
week thereafter. Al l  samples were cultured semi-quantitatively on agar plates 
and in broth (brain heart infusion) .  Growth density was graded according to the 
four quadrant method ( + 1 to +5 ) .  Bacterial identification, typing and sensitivity 
patterns were performed using standard methods (van Saene et al . ,  1983a) .  
Definitions 
Selective Decontamination: el imination of potentially pathogenic microorga­
nisms (aerobic GNB and yeasts) whi lst preserving the indigenous flora (anaero­
bes, streptococcus vi ridans etc) . 
Colonisation: the isolation of the same bacterial species from two or more con­
secutive samples from the same site in a growth density > +  1 ,  without cl inical signs 
of infection . Colonisation was assumed to extend from the preceding negative 
culture until the first sample in which that particular GNB was no longer present .  
Suprainfection: an infection at any s i te with organisms resistant to the antibiotics 
used (Weinstein & B rown ,  1977) .  
Results 
Infection rate 
In the 3-year study period 4 1 44 patients were admitted to the ICU . 701 of these 
patients required prolonged mechanical ventilation and stayed 5 days or more in 
the ICU . Twenty-five patients (3 . 5%)  had a pneumonia caused by Enterobacte­
riaceae or Pseudomonadaceae . 
Clinical and bacteriological cure rate 
The predominant pathogens were E. coli, P. aeruginosa, and K. pneumonia 
(Table 1 ) .  Eradication of pathogens from tracheal aspirate was achieved i n  24 pa­
tients (96% ) within 9 days after starting treatment (median 5 days)(figure 1 ) .  
The clinical cure rate was 96% (24/25) .  Two patients had a relapse (Nos.2 and 
19). No suprainfections with resistant organisms occurred.  Also after discon­
tinuing the systemic and aerosol antibiotics, no secondary colonisation of 
the respiratory tract by GNB was demonstrated in  the remaining period of 
mechanical ventilation (up to 60 days) .  
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Three patients died during I CU-stay (mortality 1 2 % ) .  
Case I:  Patient 1 2 .  a 60 year old male. developed acute renal insufficiency requiring 
haemodialy,is. after operation for a ruptured aortic aneury'm Five days post operative I) 
he developed pneumonia by E. coli. On admb•ion to the ICU he wa' in  'eptic/toxic 
shock. The left leg had a poor circulation and had to he amputated . He developed ga>tric 
ulceration with severe G I-bleeding and hecame comato,e . Surgical treatment failed to 
control the bleeding and he died after 31 day•. 
Case 2: Patient 6, a 63-year-o ld male developed rc,p1ratory in,ufficicncy and pneumonia 
by P. vulgaris fou r  ddys after gastric resection for camnoma. He wa' admitted to the ICU 
in •eptic 'hock A week later he w<1s operated on for leakage of the ga,tric ami>tomo''' · 
without succe>>. Because on histological examination the resection had not been curative. 
treatment was discontinued. 
Case 3: Patient 19. a 75-year-old female with diabetes melhtu> developed pneumonia 
caused by P. aeruginosa three days after coronary artery bypass grafting. She wa> admitted 
to the ICU in shock with severe respiratory in>ufficiency and renal in>ufficiency. She 
developed mediastiniti' with P. aeruginosa and S. faecal is . which wa' successfully treated 
with surgical drainage, systemic antibiotics and irrigation with povidone iodine. Three 
weeks later the respiratory tract was again colonised/infected with P aeruginosa . Thi' wa> 
treated with the same antibiotic regimen. She died after 52 day> of recurrent hemorrhage 
from the mediast inum. 
Oropharyngea/ colonisation 
In 84% of patients the oropharynx was colonised by the same pathogen that 
caused pneumonia (APl-number, sensitivity pattern ) .  The growth density was 
high (mean 2 .9 ± 1 .2 ) ,  corresponding to 1 05 bacteria/ml saliva. To evaluate the 
effect of selective decontamination on colonisation by GNB ,  baseline cultures 
were compared with cultures taken 3 days after starting treatment. In the first 3 
days 72% of oropharyngeal cultures yielded GNB, compared to 1 6% after 3 days 
(p<0.00 1  ). Eradication of GNB was complete in 92% of patients (23/25) within 3 
days . Secondary colonisation with GNB occurred in 3 patients ( 1 2% ) .  I n  two ca­
ses transient colonisation developed with organisms (Pseudomonas spp. )  sensi­
tive to the oral nonabsorbable antibiotics. 
Discussion 
In ventilated patients the diagnosis of pneumonia can be very difficult as many 
signs are nonspecific. Bell et  al. ( 1 983) compared post-mortem findings with the 
clinical diagnosis of pneumonia and found a false negative diagnosis rate of 62% . 
They also found that cl in ical signs apppeared at a late stage, when it is often too 
late for adequate chemotherapy. However, attempts to treat colonisation or infec­
tion with systemic antibiotics before clinical symptoms are present,  is unsatisfac­
tory and increases the risk of suprainfections (La Force, 1 98 1  ) .  The new genera­
tion of potent broad-spectrum antibiotics did not solve this problem. Schentag et 
al. ( 1 985) found that during aztreonam therapy, resistance of the original patho­
gen emerged in 7% of cases and suprainfection with a different pathogen in 38% 
of patients. Similar results were reported using tobramycin (Schentag et al . ,  1 985) 
or cefmenoxim (Reitberg et al . ,  1 984) .  
The high incidence of emergence of resistant organisms may be explained by 
the peri- inhibitory concentrations of the antibiotics in the lumen of the oral cavity 
and bowel .  Resistant organisms may then replace the normal flora , result ing in  
suprainfection. This is confirmed by a previous study (Stoutenbeek et al . ,  I 984b) 
demonstrating that suprainfections were invariably preceded by colonisation of 
the oropharynx or G I-tract by resistant organisms. 
In  this study, only 25 cases of pneumonia caused by Enterobacteriace&e or 
Pseudomonadaceae were diagnosed during a 3-year period. Although the infec­
tion rate may be underestimated by using strict criteria for diagnosis of pneumonia, 
only severe cases of G ram-negative pneumonia were included in this study. Most 
patients had established pneumonia on admission to the ICU . Few patients devel­
oped Gram-negative pneumonia during ICU-stay as a result of an effective infec­
tion prevention policy using selective decontamination (Stoutenbeek et al . ,  
1 984a) .  I n  the treatment of Gram-negative pneumonia i n  intubated patients i t  is 
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crucial to el iminate the aerobic GNB from the oral cavity and GI-tract. This can 
be achieved by the administration of high doses of nonabsorbable antibiotics in 
the oropharynx and GI-tract. Selective decontamination of the GI-tract is neces­
sary in order to prevent (i) ascending respiratory tract infections from contamina­
ted gastric content (Atherton & White , 1 978; Hillman et al ,  1 982) ,  and ( i i )  to pre­
vent infections of the urinary tract and/or of wounds (Stoutenbeek et al . , I 984a) ,  
and ( i i i )  to prevent selection of resistant organisms in the oral or intestinal flora. 
Once the source of pathogens ( i .e .  the oral cavity or GI-tract) has been elimina­
ted , the focus can be effectively treated. In this study this was achieved by a com­
bination of drugs given both systemically and by nebulisation . The resulting high 
antibiotic concentration within the bronchial tree eradicated the causative GNB 
with in 9 days. Only two patients had a relapse after withdrawal of specific thera­
py. Because colonisation of the respiratory tract with GNB is considered to be a 
premonitory sign of infection this was treated with the same regimen. The re­
mainder of the patients �tayed free of GNB for the duration of mechanical ventila­
tion (up to 60 days) . 
The major factors determining outcome of nosocomial Gram- negative pneu­
monia are age and the underlying pathology (Cross & Roup, 1981 ; Bell et al . ,  1 983 ; 
Bryan & Reynolds . 1 984; Martin et al . ,  1 984) .  However, this study has shown that 
with aggressive therapy it is possible to achieve a high clinical and bacteriological 
cure rate even with severe underlying disease . The prevention of �econdary co­
lonisation and suprainfection by selective decontamination might have been 
essential in the final outcome. Although the design of this study does not allow 
a comment on the contribution of the antibiotic regimen on the low overall morta­
l ity ( 1 2% ) , the difference with conventional antibiotic therapy is striking. Con­
firmation of these results by a randomised comparative trial is required. 
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What's in a name? 
Selective elimination of Enterobacteriaceae from the digestive tract was descri­
bed for the first time by Yan der Waaij , who treated mice and monkeys with oral 
nalidixic acid (van der Waaij & Berghuis, 1 974 ) . In later clinical studies it was na­
med 'Partial antibiotic decontamination' (Guiot & van Furth ,  1 977) . 'Selective 
decontamination of the digestive tract' (Sleyfer et al . .  1 980) or 'Selective antimi­
crobial modulation' (Guiot et al . . 198 1  ) . The latter term has also been adopted by 
others ( Kurrie et a l . ,  1 98 1  ; Wade et al . , 1 983) .  At the start of the studies described 
in this thesis. the Groningen nomenclature was used. However, the term 'selec­
tive decontamination of the digestive tract' is open to question . The term deconta­
mination is used mostly in conjunction with disinfection of inanimate objects and 
not for flora-modulation . Moreover, the term 'decontamination of the digestive 
tract' suggests that only the intestinal flora is treated and although this may be the 
case in leukaemic patients, in intensive care patients the oropharyngeal flora is of 
utmost importance . In this thesis, selective decontamination is defined as selec­
tive elimination of potentially pathogenic microorganisms from both the oral and 
intestinal flora by topical nonabsorbable antibiotics. Therefore in the later studies 
(Chapter 5 ,6) the terms ' infection prevention by topical nonabsorbable antibio­
tics· or ·selective flora suppression ' have been used.  
How 'selective' are the topical nonabsorbable antibiotics? 
The studies described in this thesis were designed to evaluate the clinical effects 
of selective elimination of aerobic potentially pathogenic microorganisms from 
the microflora by topical nonabsorbable antibiotics, using polymyxin E ,  tobra­
mycin and amphotericin B .  No attempt has been made to measure the influence 
of the antibiotic regimen on the indigenous anaerobic flora , since most intensive 
care patients do not produce faeces and recovery of anaerobes from rectal swabs 
is highly unreliable. Indirectly, a disturbance of the indigenous flora can be 
measured by the concentration of Streptococcus viridans, enterococci and Staphylo­
coccus epidermidis. However, a flora-shift may result not only from the antibiotic 
regimen, but from many factors which decrease the colonisation-defence. There­
fore . the 'selectivity' of this antibiotic combination has been investigated under 
controlled circumstances in healthy volunteers. The preliminary results of this 
study with a combination of polymyxin E and tobramycin ,  show that there are no 
signs of disturbance of the indigenous flora (Thiilig, personal communication) .  
I s  the anaerobic Dora important i n  ICU patients? 
( i)  ls the preservation of the anaerobic flora in intensive care patients essential 
for the efficacy of topical nonabsorbable antibiotics ? 
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Van der Waaij has shown in mice, that the indigenous anaerobic flora is respon­
'iible for the capacity to resist against colon isation by exogenous microorganisms 
and he has named this phenomenon 'Colonisation Resistance' (van der Waaij et 
al . ,  1 97 1  ). The observation that antibiotic regimens aiming at 'total gut steril isa­
tion' using oral gentamicin ,  vancomycin or neomycin , were associated with coloni­
�ation or even ma�sive overgrowth by both sensitive and resistant microorganisms 
(Bodey & Rosenbaum , 1 974; Klastersky et a l . , 1 974; Bodey & Rodriguez, 1 976; 
Schimpff et al . ,  1 980) has been explained by the loss of 'colonisation resistance' due 
to the �uppressive effects of the antibiotics on the anaerobic flora. However, this 
might not be the only reason for this fai lure , 'iince in-vitro tests have shown that 
gentamicin and neomycin are almost completely inactivated by faeces (van Saene 
et al . ,  1 985a)(vide infra) .  In our experience with patients receiving high doses of 
antibiotics known to affect the anaerobic flora e .g .  cloxaci l l in ,  clindamycin or am­
pici l l in and who were treated simultaneously with the topical antibiotic regimen ,  
no overgrowth by  �en'iit ive or resistant microorgan isms occurred.  This observa­
tion , that the topical antibiotics are also effective in the presence of a severely affec­
ted anaerobic flora , �uggests that the effectiveness of the oral antibiotics may be 
independent of the anaerobic flora . 
(ii) ls the preservation of the anaerobic flora important for the colonisation defence ? 
The anaerobic flora i� not the only factor, and certainly not the most important 
factor constituting the colon isation-defence . The most important mechanisms are 
those that mechanically clear microorganisms from the oral cavity or gastro-intes­
tinal tract e .g. swallowing, salivary flow , chewing and peristalsis (LaForce et al . ,  
1 976; Dack & Petran ,  1 934 ; Dixon ,  1 960) and those that influence the bacterial 
adherence to the mucosa e .g. mucus, secretory-IgA and changes in the mucosa) 
surfaces (Johanson et a l . ,  1 979) (See chapter I ) . In intensive care patients many of 
these mechanisms are severely impaired: patients may be comatose or anaestheti­
sed or receiving muscle relaxants and may not be able to swallow, to eat or to 
drink .  Often patients have no peristalsis for a considerable length of time and may 
receive prophylaxis against stress-ulcers with antacids or Hrantagonists, de­
feating the gastric acid barrier. The minor importance of the anaerobic flora in 
intensive care patients is i l lustrated by the rapid colonisation by exogenous 
microorganisms in patients not receiving any antibiotic and with a normal anaero­
bic flora e .g  polytrauma patients. Probably the role of the anaerobic flora gains 
importance when the other factors constituting the colonisation defence are reco­
vering. The impaired colonisation-defence in the critically i l l  patient is crucial in 
the pathogenesis of nosocomial infections and should be the subject of future in­
vestigations. 
97 
Which antibiotics affect the anaerobic flora? 
The classification of antibiotics into those which decrease the 'colonisation re­
sistance· and those which are indifferent .  is based on oral administration of the 
drugs in mice (van der WaaiJ . 1 979: Wiegersma et al . .  1 982) . This classification 
should be interpreted with caution. An antibiotic such as ampici l l in ,  severely 
affecting the anaerobic flora when given orally. may have only a slight effect when 
given parenterally. The spectrum , route of administration and pharmacokinetic 
properties of the antibiotic determine the influence on the indigenous flora . 
Parenteral antibiotics may affect the anaerobic flora if (i) the spectrum includes 
Gram-positive cocci and anaerobes and if ( i i )  it has a high bil iary excretion and if 
( i i i )  it is not reabsorbed in the small intestines ( entero-hepatic cycle) and final ly if 
(iv) it is not inactivated by faecal contents (or B-lactamases) . It is necessary to 
design a standard human-model to test antibiotics on their effect on the indigenous 
flora . taking in to account the dosage . the mode and the duration of administra­
tion . 
Which antibiotics may be used for selective flora suppression? 
The choice of antibiotics is essential for the efficacy of selective flora suppres­
sion . Therefore, antimicrobial agents used for flora suppression in ICU patients 
should satisfy the following criteria: 
Nonabsorbable; (i) to achieve constant high intraluminal antibiotic levels, which 
are not gradually decreasing by absorption. This is particularly important to pre­
vent selection of resistant strains; ( i i )  systemic effects of absorbed antibiotics are 
unnecessary and unwanted for most part of the treatment .  Besides, if systemic 
antibiotics are indicated, the often poor absorption of oral antibiotics in ICU 
patients gives such unreliable plasma levels that additional parenteral administra­
tion is necessary. 
'Small' spectrum; the antibiotic spectrum should cover all ICU-associated flora 
e .g .  Enterobacteriaceae ( including Serratia spp . )  Pseudomonas and Acinetobac­
ter spp. , but not the indigenous (anaerobic) flora . 
Bactericidal; the antibiotic should have low Minimal Bactericidal Concentra­
tions for ICU-flora. I n  the intestinal lumen no leukocytes are present to assist the 
action of antibiotics, therefore bacteriostatic antibiotics are of l ittle use . 
Minimal inactivation by food or faecal compounds and no inactivation by faecal 
B-lactamases. Van Saene et al . . ( I 985a) investigated the complex interaction 
between microorganisms, faeces and antibiotics, in-vitro. The Minimal Bacteri­
cidal Concentration (MBC) was determined for six different microorganisms 
(Pseudomonas aeruginosa , Acinetobacter calcoaceticus, Escherichia coli, Kleb­
siel/a oxytoca , Proteus mirabilis, Enterobacter cloacae) in the presence of 0 (con­
trol) , 1 0, 20 and 30 per cent faeces. The results showed that many antibiotics were 
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largely inactivated in the presence of faeces , but that the MBC's for P. e1eruginos<1 
and A .  calcoaceticus generally increased much more than those of the other mi­
croorganisms. Apparently faeces has a variable 'protective effect' for different 
microorganisms. The results for polymyxin E, tobramycin and gentamicin are 
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neomycin for six different Gram-negative bacil l i .  in  the pre�encc of 0, 10. 20 and 30% faece�. 
The M BC v.1lue' arc cxprc,�cd a� mg/I. in a non- l inear \cale. on top of the column' (van Sacnc ct 
a l . .  1 985) .  
PTA-regimen 
The selected antimicrobial agents used in this thesis were Polymyxin E, Tobra­
mycin and Amphotericin B (PTA- regimen): 
Polymyxin E (Dumex. H ilversum , Holland) dosage 4x I 00 mg/day. Polymyxin E 
is nonabsorbable ; it has a small-spectrum of activity covering Pseudomonadaceae 
and Enterobacteriaceae except Proteus spp. (Sud and Feingold ,  1 970), but it is not 
active against the indigenous flora (Hazen berg et a l . ,  1 983) . The mode of action is 
disruption of the bacterial cel l  wal l ,  making the cell permeable and causing cel l  
death (Nord and Hoeprich,  1 964) .  This mechanism is independent of enzymatic 
systems. Acquired resistance against polymyxin E is very rare (Sogaard , 1 982) . 
Polymyxin E is inactivated to a great extent by proteins, food and faecal com-
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pound� (Gotoff & Lepper, 1 965 ; van Saene et al . ,  I 985a) and should therefore be 
given in a large dose . Because of the gap in the spectrum (Proteus spp . ) and the in­
�ufficient activity in the pre�ence of faeces against Pseudomonas. Acinetobacter 
and Serratia spp. , which are the most common ICU-associated potentially pa tho· 
genie microorganisms. it should be given in combination with an aminoglycoside . 
Tobramycin (Eli  Li l ly, Utrecht ,  Holland) .  dosage 4x80 mg/day. Tobramycin is 
nonab�orbable . although in severe gastroenterifo ( mucositis) some ab�orption 
may take place (Rohrbaugh et a l . , 1 984) .  Tobramycin in combination with poly­
myxin E has a synergistic action against Pseudomonas. Acinetobacter and Serrn­
tia spp. Hazen berg et a l .  ( 1 985) showed that tobramycin has a selective action on 
the aerobic Gram-negative microorganism� of the human faecal flora in- vitro. 
The selectivity was expressed as SD-factor, being the ratio of the antibiotic con­
centrations giving 50'Yo inhib1t1on of obligate anaerobic bacteria and of Entero­
bacteriaceae. The SD-factor for tobramycin varied between 1 3 .5 and 1 222 and for 
gentamicin between I. 94 and 1 5 . 5  (Hazen berg et al . .  1 985) .  These finding� con­
firm animal experiment� showing that tobramycin had l ittle effect on the anaero­
bic flora (measured by the indirect parameters , 13-aspartylglycine and coecal 
weight) in doses that were still adequate to completely suppres� the endogenous 
Enterobacteriaceae (van der Waaij et al . ,  1 982) . Another study, in volunteers.  
showed that the administration of tobramycin (300 mg/day orally) was effective in 
el iminating Enterobacteriaceae from the intestinal flora , without adverse effect� 
on the anaerobic flora (Mulder et a l . , 1 984) .  Compared to the other aminoglyco­
sides tobramycin is least inactivated by faecal compounds and food (figure I ) . Ha­
zenberg et al . ( 1 985) showed that gentamicin and tobramycin are reversibly 
bound to the solid part of faeces and that more tobramycin is recoverable than 
gentamicin .  These findings may explain the climcal experience that with oral gen­
tamicin and/or polymyxin E, intestinal colon isation with sensitive strains occur­
red ,  in particular with Pseudomonas and Acinetobacter spp . (Klastersky et al . , 
1 974; Bodey & Rosenbaum. 1 974) . Furthermore , intestinal colonisation by 
Pseudomonas or Acinetobacterspp . ,  is easily treated with the combination of po­
lymyxin E and tobramycin ,  but not with polymyxm E- monotherapy. 
Amphotericin B (Squibb , Rijswijk ,  Holland) ,  dosage 4x500 mg/day. Amphoteri­
cin B is the most potent of antimycotic agents. It is added to prevent overgrowth 
by yeasts. Amphotericin B is nonabsorbable . but it is readily inactivated by faeces 
(Bodey, 1 969 ; van Saene et al . ,  1 985a) and should therefore be given in a large 
dose. 
Which antibiotic should be used for systemic prophylaxis? 
The use of systemic antibiotics can be divided into prophylaxis and treatment. 
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However, this distinction is often not clear because many of the indications for 
'prophylaxis' are in fact early treatment .  
In Chapter 4 it is  shown that a multiple trauma patient admitted to the ICU . 
should receive systemic antibiotic prophylaxis (or 'early treatment') to prevent 
pulmonary infections by 'community-flora· (e.g.  Staphylococcus aureus, Strepto­
coccus pneumoniae, Branhame/la catarrhalis, Haemophilus influenzae and E. 
coli) . Most other surgical patients admitted to the ICU , receive �y�tcmic antibio­
tic prophylaxis during operation .  In many surgical procedures a short periopera­
tive prophylaxis is �hown to be effective in preventing postoperative wound infec­
tions (Nichols, 1 98 1 ; Gorbach , 1 982) . The spectrum of antibiotics used for peri­
operative prophylaxis often includes Staphylococcus and Streptococcus spp. , 
being the most frequent pathogens causing wound infections. This implies that 
these antibiotics are l ikely to disturb the indigenous flora and promote over­
growth by resistant organisms (Kager. 1 984) .  When the postoperative course is 
uncomplicated this effect on the flora does not cause any harm.  However, when 
per/postoperative surgical complications necessitate a prolonged stay in the ICU , 
then this systemic prophylaxis is not adequate to prevent infections of the respira­
tory or urinary tracts by hospital-acquired Enterobacteriaceae or Pseudomona­
daceae . In this case an extended course of systemic antibiotic prophylaxis ( ±  4 
days) should be given using a cephalosporin with l ittle effect on the indigenous 
flora. During the systemic prophylaxis, most potentially pathogenic microorga­
nisms colonising the patient are el iminated by the topical antibiotics . For most in­
dications for systemic prophylaxis, cefotaxime (Roussel Laboratories. Hoevela­
ken, Holland) is a suitable antibiotic. I ts spectrum covers both 'community flora' 
as well as 'hospital flora' (many Pseudomonas and Acinetobacter spp. excluded) 
and it has l ittle effect on the indigenous flora (Lambert-Zechovsky et al . ,  1 980) ; it 
has a broad therapeutic range with few side effects. Other parenteral cephalo­
sporins that are safe to the indigenous flora (e.g.  cephradine,  cefuroxime , cefta­
zidime , aztreonam) have either an incomplete cover of the Enterobacteriaceae 
(e .g .  cephradine , cefuroxime) or of the Gram-positive cocci (e .g .  ceftazidime, 
aztreonam). 
What are the differences between the conventional infection prevention policy 
and selective flora suppression? 
The essential difference between the conventional infection prevention policy 
and the approach described in this thesis, is the concept of the pathogenesis of 
nosocomial infections in  the ICU . 
The conventional approach is based on the hypothesis ( i)  that the difference in  
intrinsic pathogenicity of microorganisms is not  important;  ( i i )  that  most infec­
tions are exogenous; many of the measures for infection prevention attempt to 
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avert the transmission of microorganisms between patients ( i .e .  prevention of 
cross-infections) ; ( i i i )  that colonisation of the oropharynx and intestines by hospi­
tal- acquired microorganisms is harmless; besides. in most institutions no surve il­
lance culture� of these �ites are done ; (iv) that colonisation of the respiratory and 
urinary tracts and wounds should not be treated with systemic antibiotics; (v) that 
antibiotic therapy is effective in established infections. 
The novel approach described here ,  is based on the finding that ( i)  the indi­
genou� flora (anaerobes. S. viridans, Streptococcus faecalis. S. epidermidis) has 
a much lower intrinsic pathogenicity than 'community-· or "hospital-acquired' 
microorganisms (Kurrie et al . .  1 98 1 ) ;  (1i) that more than 80% of ICU-acquired in­
fections are endogenous. Either potentially pathogenic microorganisms are present 
in the oropharyngeal or intestinal flora on admission ('primary endogenous') or 
ICU-acquired microorganisms have colonised the oropharynx or intestines 
after admission ('secondary endogenous') .  The proliferation of 'exogenous' orga­
nisms in the oropharynx or intestines is essential in the pathogenesis of nosoco­
mial infections; (iii) the recognition that colonisation of the oropharynx or intestines 
is the first step in the pathogenesis implies that intensive bacteriological monito­
ring of these sites is indispensable and that prevention of this stage is crucial ; (iv) 
colonisation of the respiratory and urinary tracts and wounds have to be treated 
before infection develops because (v) in intensive care patients, systemic antibio­
tic treatment in established infections has a low cure rate and a high mortality. 
Therefore it is essential to stop the sequence of events before it is too late . 
Why has the conventional approach failed? 
The conventional infection prevention measures have been very important for 
the elimination of inanimate sources of infections. Respiratory equipment ,  intra­
venous lines or urinary bladder drainage systems used to be important sources of 
infection in the early days of intensive care. However, when these sources were 
el iminated,  the infection rate did not decrease. This is explained by the fact that 
the individual patient is heavily exposed to contamination from his environment , 
particularly from other colonised patients. Colonised patients carry h igh number� 
of potentially pathogenic microorganisms in oropharyngeal and intestinal flora 
and represent  an important, continuous source of microorganisms in the ICU . As 
yet, the conventional isolation criteria did not take into account the oropharyn­
geal or intestinal flora as source of potentially pathogenic microorganisms. Second­
ly.  measures to prevent transmission of microorganisms between patients may 
not be sufficiently effective to prevent transfer of very small amounts of bacteria .  
I n  an intensive care patient with a severely decreased colonisation-defence , even 
a small number of bacteria may be sufficient to start colonisation of the oro­
pharynx or intestines. 
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Another overt failure is that , notwithstanding restrictive antibiotic policies, the 
ICU continues to be the epicentre of multiple-resistant organisms (Weinstein , 
1 98 1 ) .  However,  even with very restrictive antibiotic policies more than 90% of 
patients requiring prolonged i ntensive care receive antibiotic therapy during 
ICU-stay for suspected or proven infections. Besides, resistance occurs not only 
during systemic prophylaxis but even more so during systemic therapy. The selec­
tion of resistant strains in the oropharyngeal or intestinal flora, is particularly as­
sociated with the systemic use of antibiotics . 
Selective flora suppression has three major effects : ( i)  prevention of colonisa­
tion and infection, (ii) increasing the effectiveness of antibiotic therapy of nosoco­
mial infections, and ( i i i )  el imination of sources of multiple-resistant microorga­
nisms (epidemiological effect) . 
The exposure of the individual patient can be reduced by eliminating patient­
sources with selective flora suppression . As a consequence, the horizontal trans­
mission of microorganisms between patients becomes less important, and trans­
mitted organisms wil l  not be able to colonise the individual patient treated with 
Figure 2:  
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Scheme of infection prevention an the ICU . 
Invasive therapy represents the main 'porte d'cntree· of both endogenous and exogenous potential­
ly pathogenic microorganisms ( PPM).  Measures aiming at prevention of transmission of exoge­
nous PPM. will only be effective if simultaneously the endogcnou� infections arc prevented by 
selective decontamination of the digestive tract (SDD).  
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selective flora suppression. This explains the reduction in both endogenous and 
exogenous infections. This is schematically depicted in figure 2 .  In contrast to the 
conventional antibiotic policy . emergence of resistance under selective flora sup­
pression is largely prevented , because organisms, resistant to the antibiotics used 
for systemic prophylaxis or therapy , are eliminated by the topical nonabsorbable 
agents. Systemic antibiotic therapy is more effective in combination with selective 
flora suppression , because the source of infection i .e .  the PPM in the oropharyn­
geal or intestinal flora is eliminated by the topical nonabsorbable antibiotics. This 
results in a h igher bacteriological and clinical cure rate and les� suprainfections. 
The epidemiological effect is a reduction of resistant strains in the ICU and pre­
vention of outbreaks. This might offer an approach to control outbreaks with 
multiple-drug resistant microorganisms in hospitals . Each patient colonised with 
the particular microorganism in oral or intestinal flora. should be identified and 
treated with selective flora suppression , as we ll as all new patients, to prevent ac­
quisition and colon isation . 
However, selective flora suppression should not replace the conventional in­
fection prevention measures. Many of the guidelines directed at the el imination 
of exogenous sources and prevention of transmission remain valuable or even be­
come more effective, in combination with selective flora suppression (e .g. hand 
wash ing) . Isolation procedures and barrier nursing may be used now on more 
strict indications. 
Conclusion 
In the last decade anaesthesia and intensive care have made tremendous pro­
gress in l ife supporting techniques. As a consequence new frontiers have opened 
up for advanced medical care . However. infection control has not kept equal pace 
with these new developments so that much of the great efforts and costs that are 
successfully invested in the early phase of treatment are annihilated by infections 
occurring in a later phase of the i l lness . Although the here described technique for 
infection prevention awaits further confirmation , it may well prove to be a major 
step forward in intensive care . At present several clinical studies are being con­
ducted or already completed in different centers and the results can be expected in 
the near future. 
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Summary 
Chapter I, the introduction, reviews the current knowledge about infections in 
the critical care area, the generally accepted methods for infection prevention and 
the conventional antibiotic policy. The next part describes the different micro­
organisms involved in infections, with emphasis on the importance of preserving the 
indigenou!.. most anaerobic flora. In the discussion on host defence mechanisms, 
the role of a decreased colonisation defence of the oropharyngeal cavity and gas­
trointestinal tract in the pathogenesi!. of nosocomial infections. is stressed.  Final­
ly, a review is given of the h istory of flora suppression . the indications, the antimi­
crobials used and the effects . 
The aim of this thesis was to gain a better insight in the pathogenesis of infec­
tions in intensive care patients. Secondly. to investigate whether endogenous in­
fections could be prevented by selective decontamination with oral nonabsorb­
able antibiotics in intensive care patients without a functioning gastrointestinal 
tract. Thirdly. to determine the long term effect of selective decontamination on 
selection of resistant Enterobacteriaceae or Pseudomonadaceae in  the ICU . 
Finally. to study the clinical effects of this regimen on morbidity and mortality . 
Chapter 2, describes the colon isation and infection rate in a h istorical control 
group of 59 multiple trauma patients, who required mechanical venti lation and 
stayed five days or more in the ICU . No routine antibiotic prophylaxis was given 
in this group. After 1 5  days of ICU- stay, 86% of patients were colonised with one 
or more strains of potentially pathogenic microorganisms (PPM) in the oropha­
rynx and in 77% of patients in the rectum. Colonisation of the respiratory and uri­
nary tracts occurred in  69'Yo resp. 35 'X, of patient!.. Forty-eight patients (8 1 % ) de­
veloped 94 infections during ICU-stay, predominantly respiratory tract infections 
(59%) .  urinary tract infections (32% ) .  septicaemia (42%)  and wound infections 
(25% ). Most infections were endogenous (95% ), except 30% of cases of septic­
aemia, that were apparently exogenous infections. A distinction was made be­
tween 'primary endogenous' and 'secondary endogenous' infections. The former 
are caused by PPM present in the admission flora whereas the latter are caused by 
newly acquired PPM colonising the oropharynx or intestines. The insight that 
'exogenous' PPM. first multiply in the oropharynx or intestines and from there 
cause infection ( i . e .  secondary endogenous infection ) ,  is essential for the preven­
tion :  primary endogenous infections will not be prevented by selective deconta­
mination started in the ICU , and therefore systemic antibiotic prophylaxis should 
be given .  In  a prospective open tria l ,  the effect of selective decontamination of the 
digestive tract (SOD) and systemic cefotaxime prophylaxis was studied in  63 
mechanically ventilated multiple trauma patients. In this group secondary colonisa-
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tion of the oropharynx was completely prevented, while secondary colonisation 
of the intestinal tract occurred in 1 4% of patients. In 21 out of 24 patients the rec­
tum was free of PPM after the first passage of stools (median 8 days) .  The coloni­
sation rate of the respiratory and urinary tracts were 9% and 7% respectively. Ten 
patients developed eleven infections: respiratory tract infections (8% ) ,  urinary 
tract infections (2% ) , septicaemia (3%)  and wound infections (5% ) .  No case of 
Gram-negative septicaemia was observed. 
In Chapter 3, the conventional antibiotic policy in the control group is analy­
sed . The assumption that emergence of resistance can be reduced by restricting 
the use of antibiotics. is tested.  Therefore the use of systemic antibiotics in the 
control group was compared with the SOD- group. which was treated with syste­
mic antibiotic prophylaxis and SOD. Although in the control group no routine 
systemic antibiotic prophylaxis was given.  51 patients (86%) received systemic 
antibiotics for suspected or proven infections, within the first week of stay in the 
ICU. The ineffect iveness of this policy is shown by the fact that (i) in the control 
group not only the amount of antibiotics administered, but also the number of dif­
ferent antibiotics exceeded that of the SOD-group; nevertheless, the infection 
rate was much higher than in the SOD-group (see chapter 2); (ii) in the control 
group 1 4  patients (24% ) developed 1 8  superinfections with often multiple resis­
tant PPM. Five patients (8% )  died with infection . In the SOD-group only two pa­
tients (3%) developed a superinfection and no patient died ; ( i i i )  the preservation 
of the anaerobic flora in the SOD-group did apparently not give rise to more an­
aerobic infections, since in the control group anti-anaerobic drugs were given in 
18 patients (3 1 % ) whereas in the SOD-group only 3 patients (5% )  received me­
tronidazol . 
The main objective of this antibiotic policy , to prevent induction of resis­
tance , is not realized by a restrictive use of antibiotics. This is explained by the fact 
that emergence of resistance occurs predominantly during systemic antibiotic 
therapy, in  the oral and intestinal flora, where high numbers of bacteria are pre­
sent and low concentrations of antibiotics are reached. 
Chapter 4,  describes the pathogenesis and prevention of pulmonary infections. 
First an analysis is made of the type of infection in the control group. In 26 patients 
(44%) a pulmonary infection occurred before any systemic antibiotics were 
given .  These infections developed very early, often within the first 48 h of treat­
ment and were caused predominantly by Staphylococcus aureus, Streptococcus 
pneumoniae and Haemophilus influenzae. I n  1 2  patients (20%) infection occur­
red after systemic antibiotics were given.  These infections developed after a week 
and were invariably caused by Enterobacteriaceae or Pseudomonadaceae, which 
had first colonised the oral cavity or gastrointestinal tract . In  the second part of 
this study three different  regimens for prevention of pulmonary i nfection were 
1 06 
compared.  Seventeen patients were treated only with intestinal decontamina­
tion. without oral decontamination and without systemic antibiotic prophylaxis. 
They had the same rate of pulmonary infection as the control group. The next 
group of 25 patients were treated with intestinal decontamination in  combination 
with oral decontamination with Oraba!>c. but without cefotaxime . The rate of early 
pneumonia was unchanged, but secondary pulmonary infections disappeared. 
The third group was treated with oral and intestinal decontamination and in addi­
tion with sy!>temic ant ibiotic prophylaxis with cefotaxime . In  this group both early 
and late infections were largely prevented. 
By this �cries of �tudies we concluded that early infections can be prevented by 
systemic antibiotic prophylaxis and late Gram-negative infections by selective de­
contamination of the oral cavity and gastrointestinal tract . 
Chapter 5 .  describes the incidence of resistant Enterobacteriaceae and Pseudo­
monadaccac during 30 months of continuous use of selective decontamination . 
in 1 64 multiple trauma patients. The total number of cultures amounted 525 1 .  
Only 23 percent of all cultures yielded PPM and most of these PPM were isolated 
from the rectum. The study period was divided into five periods of approximately 
six months. No increase in the incidence of resistant strains was observed. Poly­
myxin E and tobramycin-resistance was rare : except Proteus spp . .  no polymyxin 
E resistance was found and only four percent of Gram-negative strains were to­
bramycin resistant . Resistance against the combination of polymyxin E and to­
bramycin was found only once (Proteus morganii) . During this study 98 strains of 
cefotaxime-resistant Enterobacteriaccae or Pseudomonadaceae were found. 
The hypothesis that emergence of resistance against systemic antibiotics occurs 
primarily in the oral or gastrointest inal flora, was tested. Therefore, the origin of 
the resistant strains was analysed. We found that the admission flora was very sen­
sit ive to cefotaxime (96% ) . In  eight patients PPM became cefotaxime-resistant ,  
before they were el iminated by the SOD. The majority of cefotaxime-resistant 
strains were found later. and were considered to be newly acquired in the ICU . In  
29 out  of  35 cases the site of  isolation was the rectum. Therefore surveil lance cul­
tures of the oral and i ntestinal flora are essential for the monitoring of emergence 
of resistance . Al though SOD does not completely prevent acquisition of cefotax­
ime-resistant PPM in the intestines, it prevents outgrowth and secondary colonisa­
tion,  thereby preventing superinfection .  We concluded that resistance against the 
antibiotics used for selective decontamination (polymyxin E and tobramycin) was 
rare , probably because ( i)  the levels of these antibiotics in  the lumen of the oro­
pharynx and intestines are much h igher than the required minimal bactericidal 
concentration for most PPM, due to the dosage and low inactivation by faeces ;  
( i i )  in contrast to  cephalosporins, there are no inducible bacterial enzymes which 
mediate resistance against polymyxin E or tobramycin;  ( i i i )  the use of a synergis­
tic combination . 
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Chapter 6, describes the impact of an integrated trauma service on the late mor­
tality following multiple trauma. The trauma treatment is based on aggressive re­
suscitation , prophylactic mechanical ventilation,  early osteosynthesis and infec­
tion prevention with oral nonabsorbable antibiotics. In a 30-month period, 1 67 pa­
tients with an Injury Severity Score of 1 8  or more were treated according to these 
principles. Twenty-three patients ( 1 4  % ) died . The cause of death was craniocere­
bral trauma in 22 patients, which was mostly fatal within the first five days . No pa­
tient died of multiple organ failure , sepsis or ARDS. Many investigators found 
a close correlation between the Injury Severity Score and mortality, the second 
determinant of outcome being the age of the vict im.  This relationship is explained 
by the occurrence of sepsis and the associated complications, which are respon­
sible for more than 50% of the overall mortality. Because in this study the infec­
tious complications and multiple organ failure were almost completely prevented , 
no correlation was found between the I njury Severity Score and mortality, or age 
and mortality. 
Chapter 7 ,  describes the resul ts of treatment of pneumonia caused by Entero­
bacteriaceae or Pseudomonadaceae, with selective decontamination in combina­
tion with systemic antibiotic therapy and nebuhsed antibiotics. Nosocomial 
Gram-negative pneumonia has a notoriously h igh mortality (33%-70%) .  The 
treatment with systemic antibiotics has a low cure rate and is associated 
with a high incidence of 'supercolonisation' and suprainfection. In a prospective 
open study in 25 patients with pneumonia caused by Enterobacteriaceae or 
Pseudomonadaceae, it was shown that by elimination of the endogenous PPM 
from the oral and intestinal flora with SOD, a h igh bacteriological and clinical 
cure rate was achieved, while superinfections were almost completely prevented. 
Three ( 1 2% )  of these seriously ill patients died from other causes than infection . 
This study shows that also in an already established infection , this antibiotic regi­
men is useful to increase the therapeutic effects of systemic antibiotics and to pre­
vent superinfections. 
Chapter 8, the general discussion,  deals with new insights in 'colonisation 
resistance' and 'selective decontamination " .  The concept of 'colonisation resis­
tance' is based on the observation that the indigenous anaerobic flora is important 
for the defence against colonisation by exogenous PPM. Antibiotics were divided 
i nto 'safe' and 'unsafe' ,  according to their effect on the anaerobic flora and coloni­
sation resistance. However, the anaerobic flora is just one of the factors constitu­
ting the colonisation defence. In  the intensive care patient, the role of the anaero­
bic flora in the colonisation defence may be overestimated. This has implications 
for the choice of which antibiotics can be used for selective flora suppression . The 
effectiveness of oral antibiotics to eliminate PPM from the oral and intestinal flora, 
might be more important than potentially adverse effects on the indigenous an-
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aerobic flora . The criteria, which an antibiotic should satisfy to be useful for selec­
tive flora suppression,  include not only the effect on the anaerobic flora, but also 
the spectrum against ICU-associated PPM, the mode of action.  absorption , and 
inactivation. An account is given of the choice of antibiotics used in  this thesis. In 
the second part of this chapter, an analysis is made of the differences between the 
conventional infection prevention policy and the novel approach using prophy­
lactic flora suppression, and the reasons why the conventional approach has 
failed. Selective flora suppression will augment the effect of some measures, used 
in the conventional policy. and makes other measures superfluous. However, 
selective flora suppression should not be considered as a substitute for the con­
ventional methods, but rather as the missing l ink in infection prevention . 
At present several clinical studies in different centers are being conducted and 
the results can be expected in the near future. If  the results of the above described 
novel approach to infection prevention are confirmed by these studies. it may 




Hoofdstuk I ,  de inleiding, geeft een overzicht van de huidige kennis van infec­
ties in intensive care . I nfectie is nog steeds de belangrijkste doodsoorzaak in de 
intensive care . Het falen van de huidige methoden voor infectie- preventie en van 
het conventionele antibiotica-beleid , wordt op krit ische wijze geanalyseerd. Ver­
volgens worden de versch il lende micro-organismen die een rot spelen bij infec­
ties en de afweermechanismen van de gastheer besproken .  Centraal in het ont­
staan van ziekenhuis-infecties staat de snelle verandering van de microflora van 
de patient,  als gevolg van de verminderde kolonisatie-afweer van de mondkeel­
holte en het maag-darmkanaal . Reeds tang heeft men getracht infecties te voor­
komen door de flora te onderdrukken met antibiot ika.  Er wordt een kort over­
zicht gegeven van de geschiedenis van flora-onderdrukking, de indikaties, de 
daarvoor gebruikte antibiotika en de effecten hiervan . 
Het doe I van dit proefschrift was: ( i)  een beter inzicht te krijgen in de ontstaans­
wijze van infecties in  intensive care-patienten ;  ( i i )  te onderzoeken of infecties 
voorkomen kunnen worden door selectieve darm-decontaminatie (SOD) met 
orate niet-resorbeerbare antibiotica in intensive care- patienten met een niet­
functionerend maag-darmkanaal ; (ii i) te bepalen of SOD op de lange-termijn zou 
leiden tot selectie van resistente micro-organismen.  
Hoofdstuk 2 beschrij ft de kolonisatie en infectiepercentages in een groep van 
59 beademde polytrauma patienten ,  die vijf dagen of (anger in  de intensive care 
unit (ICU) behandeld werden. De patienten kregen geen antibiotische prophy­
laxe (controle groep) . Na een verblijf van 1 5  dagen op de intensive care was 86% 
van de patienten gekoloniseerd in de mond-keelholte met een of meer Gram-ne­
gatieve bacterien en 77% werd gekoloniseerd in  het rectum met n ieuwe stammen 
Enterobacteriaceae of Pseudomonadaceae. Achtenveertig patienten (8 1  % ) ont­
wikkelden 94 infecties gedurende hun verbl ij f  op de ICU , met name luchtwegin­
fecties (59%) ,  urineweginfecties (32% ) ,  bloedbaaninfecties (42%)  en wondin­
fecties (25% ) . De meeste infecties werden veroorzaakt door bacterien µit de 
mond- of darmflora ( =endogeen) (95% ) ,  met uitzondering van 30% van de 
bloedbaaninfecties, die duidelij k een u itwendige bacteriele oorsprong hadden 
( =exogeen).  Een tweede groep van 63 polytrauma-patienten , werden behandeld 
met selectieve decontaminatie van de mondholte en het maag-darmkanaal met 
orate ,  niet resorbeerbare antibiotica (polymyxine E, tobramycine , amphoterici­
ne B) en met cefotaxime-prophylaxe in de bloedbaan . In deze groep kon secun­
daire kolonisatie van de mondholte volledig voorkomen warden ; secundaire 
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kolonisatie van de darmen trad op bij 14  % van de patienten. Bij 2 1  van de 24 patien­
ten was de darm vrij van potentiele ziektekiemen,  na de eerste defaecatie (medi­
aan 8 dagen) .  Tien patienten ontwikkelden elf infecties: luchtweginfecties (8% ) ,  
urineweginfecties ( 2 % ) ,  e n  wondinfecties (5% ) . Gram- negatieve bloedbaan­
infecties kwamen niet voor in deze groep. 
In hoofdstuk 3 wordt het conventionele antibiotica-beleid geanalyseerd . De 
veronderste l l ing, dat het ontstaan van resistentie verminderd kan worden door 
een restrictief antibiotica-beleid, werd getoetst. Hiertoe werd het gebruik van 
systemische antibiotica in de beide groepen vergeleken . Hoewel in de controle­
groep een restrictief antibiotica- beleid werd gevoerd , werd reeds in de eerste 
week van hun IC-verblijf aan 5 1  patienten (86% ) systemische antibiotica toege­
diend, in verband met bewezen of vermoede infecties. De inefficientie van dit be­
leid blij kt hieruit, dat ( i)  in de controle groep de hoeveelheid toegediende syste­
mische antibiotica groter was dan in de SDD-groep, zowel wat betreft de totale 
hoeveelheid als ook het aantal verschi l lende antibiot ika:  ( i i )  desondanks, het in­
fectie- percentage veel hoger was dan in de SDD-groep: (iii) dit gepaard ging met 
een groot aantal superinfecties (24%) met vaak zeer resistente Gram-negatieve 
bacterien (bv Pseudomonas aeruginosa . Acinetobacter en Serratia spp . ) .  Mede 
ten gevolge hiervan stierven vijf patienten (8% ) . De voornaamste doelstell ing 
van het antibiotica- beleid, n l .  het voorkomen van resistentie .  werd dus niet be­
reikt met een restrictief antibiotica-beleid .  
Hoofdstuk 4 beschrijft de ontstaanswijze en de preventie van luchtweginfec­
ties. Ten eerste werd een analyse gemaakt van de luchtweginfekties in de controle­
groep. Zesentwintig patienten (44%) kregen een longontsteking, voordat een 
antibioticum gegeven was. Deze infecties ontwikkelden zich zeer snel ,  meestal 
binnen de eerste 48 uur van de behandeling, en werden hoofdzakelij k veroor­
zaakt door Staphylococcus aureus, Streptococcus pneumoniae, en Haemophi/us 
influenzae, welke deel uitmaken van de 'normale' flora. Twaalf patienten (20%) 
kregen een longontsteking nadat systemische antibiotica gegeven waren . Deze 
infecties ontwikkelden zich meestal pas na een week ,  en werden vrijwel altijd ver­
oorzaakt door Enterobacteriaceae en Pseudomonadaceae, die eerst de mondhol­
te of maag-darmkanaal gekoloniseerd hadden .  
I n  h e t  tweede dee) van de  studie werden drie verschillende regimes voor de  pre­
ventie van luchtweginfecties onderzocht .  Zeventien patienten werden a Ileen met 
selectieve decontaminatie van het maag-darmkanaal behandeld (niet van de 
mondholte en geen prophylaxe met systemische antibiotica) .  Zij hadden hetzelf­
de infectie-percentage als de controle-groep. Een tweede groep van 25 patienten 
werd behandeld met selectieve decontaminatie van zowel het maag- darmkanaal 
als de mondholte ; deze groep kreeg echter geen cefotaxime. Het percentage 
vroege longontstekingen bleef onveranderd, maar de secundaire luchtweginfec-
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ties verdwenen. Een derde groep kreeg zowel selectieve decontaminatie van de 
darm en mondholte , als ook systemische prophylaxe met cefotaxime. In deze 
groep konden zowel de vroege als de late infecties grotendeels voorkomen wor­
den.  
De conclusie is  dat primaire infecties voorkomen kunnen worden door syste­
mische antibiotische prophylaxe , dat secundaire Gram-negatieve infecties voor­
komen kunnen warden door SOD en dat de selectieve decontaminatie van de 
mondholte van zeer groat belang is in  de beademde patient. 
Hoofdstuk 5 beschrij ft het optreden van resistentie gedurende 30 maanden 
continu gebruik van SOD, in  1 64 polytrauma patienten .  In het totaal werden 525 1 
kweken afgenomen .  Slechts uit 23% van de kweken konden ziektekiemen geiso­
leerd warden. Om een eventuele geleidelijke toename van resistentie te kunnen 
ontdekken we rd de studieperiode verdeeld in  5 perioden van 6 maanden.  Er we rd 
geen aanwijzing gevonden voor toename van het aantal resistente stammen.  Po­
lymyxin E- en tobramycine-resistentie was zeer zeldzaam: behalve Proteus spp. 
werd geen polymyxin E- resistentie gevonden en slechts vier procent van de 
Gram-negatieve stammen was tobramycine-resistent .  Gedurende deze 30 maan­
den werden 98 cefotaxime-resistente Enterobacteriaceae en Pseudomonadaceae 
stammen gelsoleerd .  De hypothese , dat resistentie tegen systemische antibiotica 
voornamelij k ontstaat in de orale en intestinale flora, werd getest door de oor­
sprong van de resistente stammen na te gaan.  Het grootste deel van de cefotax­
ime-resistente stammen werd pas na een aantal dagen gevonden en werd be­
schouwd als nieuw verkregen stammen . In 29 van de 35 gevallen werd deze stam 
uit het rectum gei·soleerd .  De belangrij kste bevinding was echter dat het overgro­
te dee I van de resistente stammen verdween onder invloed van de SOD, en daar­
door niet in staat was het maag-darmkanaal of enig andere plek te koloniseren .  
Hoofdstuk 6 beschrijft de invloed van een gei'ntegreerde trauma-behandeling 
op de sterfte en de doodsoorzaken van polytrauma-patienten . Het behandelings­
schema is gebaseerd op een agressieve behandeling van stoornissen van de vi tale 
functies, prophylactische beademing, vroege osteosynthese en infectie preventie 
met SOD. Gedurende een periode van 30 maanden werden 1 67 trauma patienten 
met een ' Inj ury Severity Score 1 ' van 18 of meer, volgens deze principes behan­
deld . Orie en twintig patienten ( 14% )  overleden .  De belangrijkste doodsoorzaak 
was het schedel-hersenletse l ,  dat vaak al binnen vijf dagen fataal verliep. Geen 
patient stierf ten gevolge van sepsis, 'multiple organ failure2' ,  of ARDS3, onaf­
hankelij k van de I nju ry Severity Score . Deze resultaten zijn aanzienl ijk gunstiger 
dan in  andere studies. Vele onderzoekers vonden een l ineair verband tussen de 
I nj ury Severity Score en de sterfte ,  terwijl ook de leeftijd van grote invloed op de 
sterfte bleek te zijn .  Dit verband wordt vrijwel volledig verklaard door het optre­
den van i nfectieuze complicaties en het hiermee verband houdende ARDS en 
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'multiple organ-failure ' ,  vooral bij de oudere patient,  we Ike verantwoordelij k 
zij n voor meer dan de he I ft van de tot ale sterfte . In deze studie kon . doordat de la­
te infectieuze compl icaties voorkomen werden, geen verband meer gevonden 
warden tussen de Injury Severity Score of leeftijd en de sterfte.  
Hoofdstuk 7 beschrij ft de resultaten van de behandeling van longontsteking bij 
beademde patienten . Longontsteking met in het ziekenhuis verkregen ziekte­
k iemen heeft een berucht hoge mortal iteit ;  de behandeling met systemische anti ­
biotica heeft een laag genezings-percentage en gaat gepaard met een zeer fre­
kwent optreden van superinfectie. Vijfentwintig ernstig zieke , beademde patien­
ten met een longontsteking veroorzaakt door Enterobacteriaceae of Pseudo­
monadaceae. werden behandeld met SOD. systemische antibiotica en een aerosol 
met ant ibiotica . Door het elimineren van de ziektekiemen uit de kee l- en darm­
flora met behulp van SOD. was het mogelij k een hoog bacteriologisch en kl inisch 
genezings-percentage te bereiken, terwij l superinfectie vrijwel volledig voorko­
men kon warden. Orie ( 1 2%)  van deze ernstig z1eke patienten stierven ten gevol­
ge van andere oorzaken dan infectie. Deze studie toont aan dat. ook bij een reeds 
bestaande infectie , dit antibiotische regime van grote waarde is om het therapeu­
tisch effect van de behandeling met system1sche antibiotica te vergroten en het 
ontstaan van resistentie en superinfecties te voorkomen . 
Hoofdstuk 8, de algemene discussie , bespreekt nieuwe inzichten in 'colonisatie 
resistentie' en 'selectieve darm- decontaminatie ·. Het concept 'coloni�atie resis­
tentie' is gebaseerd op de waarneming. dat de lichaamseigen anaerobe flora van 
groot belang is voor de afweer tegen kolonisatie met vreemde bakterien Op basis 
van hun invloed op de anaerobe flora, zij n de antibiotica ingedeeld in 'veilige' en 
'niet-veilige' middelen .  De anaerobe flora is echter maar een van de factoren die 
de kolonisatie-afweer bepalen .  Bij de intensive care patient  speelt de anaerobe 
flora misschien niet zo'n grote rol in de kolonisatie-afweer als aanvankelijk werd 
aangenomen.  Dit heeft implicaties voor de keuze van de antibiotica die men voor 
selectieve flora-onderdrukking kan gebruiken. De effect1viteit van de orale anti­
biotica in het elimineren van potentiele ziektek1emen uit de mond- en darmflora 
is waarschij nl i jk belangrijker dan eventuele bijwerkingen op de anaerobe flora. 
De eisen waaraan een antibioticum moet voldoen om gebruikt te kunnen warden 
voor selectieve flora-onderdrukking, zij n niet al leen het effect op de anaerobe 
flora , maar oak het spectrum . het werkingsmechanisme . de resorptie , en de inac­
tivatie. De keuze van antibiotica , die in dit onderzoek gebruikt zij n ,  wordt ver­
antwoord . Het tweede deel van dit hoofdstuk geeft een beschouwing van de voor­
naamste verschillen tussen het conventionele infectiepreventie-beleid en de nieuwe 
benadering door middel van selectieve flora-onderdrukking, en de oorzaken 
voor het falen van het conventionele beleid .  Selectieve flora onderdrukking kan 
het effect van sommige maatregelen,  we Ike gebru1kelij k zijn in  het conventionele 
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beleid, versterken en maakt andere maatregelen overbodig. Selectieve flora on­
derdrukking moet echter niet beschouwd warden als een vervanging van de be­
staandc infcctic- prcventie methoden ,  maar eerder als een nog ontbrekende scha­
kel in de infectie preventie .  
Op het ogenblik zij n diverse kl inische studies met deze methode gaande in ver­
schil lende centra en de resultaten h iervan mogen in de nabije toekomst verwacht 
worden .  Indien,  zoals het zich laat aanzien,  de rcsultaten van de hier beschreven 
methode voor infectie-preventie bevestigd warden ,  zou dit een grote stap voor­
waarts in intensive care kunnen zij n .  
' I njury Severity Score = een 'core voor d e  ernst van het letsel. Aan zes orgaansystemen worden 
punten toegd.end, varierend van 0 (geen letsel) tot 5 ( levensbedreigend letse l ) .  De drie hoog;te 
waarden worden gd.wadrateerd en opgeteld. De maximale score is dus 75 . 
' Multiple organ failure = het gelijktijdig falen van diverse orgaansystemen. met name longen. 
meren en lever. 
' A RDS = Adult re,piratory di,tre'� ;yndrome ; ecn aspccifid. longheeld. dat gekenmcrkt wordt 
door het optreden v,111 longoedeem .  hogc beademing;drukken en een 'lechtc ga,wi"eling. 
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The antimicrobial agents used for infection prevention are divided into: 
I Topical nonabsorbable antibiotics 
II Systemic antibiotic� 
I I I  Local therapy 
I. TOPICAL NONABSORBABLE ANTIBIOTICS 
Potential ly pathogenic microorganisms are selectively eliminated from the oral 
and in testinal flora with the PT A- regimen :  
- Polymyxin E (Colistine) (P) 
- Tobramycin (T) 
- Amphotericin B (Fungizone) (A) 
1 .1  Selective suppression of the oropharyngeal Dora 
The oral cavity is intensively cleansed with sterile saline or an aqueous solution 
of 1 % chlorhexidine. Teeth are brushed if possible. Ora base® + 2% PT A is ap­
plied in the oral cavity four times a day: 1 -2 cm of the paste is squeezed from a 
small tube (of 5 g) on a gloved finger and is evenly smeared out along the upper 
and lower jaw (approximately I g/day). 
1.2 Selective suppression of the intestinal Dora 
Antibiotics are admin istered orally or through the naso-gastric tube . When the 
patient requires gastric suction,  the naso-gastric tube is clamped and suction is 
discontinued for one hour. 
Dosage: 
Adults Polymyxin E 4x l 00 mg 
(> 1 2  years) Tobramycin 4x 80 mg 
Amphotericin B 4x500 mg 
Children Polymyxin E 4x 50 mg 
(5- 1 2  years) Tobramycin 4x 40 mg 
Amphotericin B 4x250 mg 
Children Polymyxin E 4x 25 mg 
( <5 years) Tobramycin 4x J O mg 
Amphotericin B 4x 1 00 mg 
Where the normal anatomy of the gastro-intestinal tract is disrupted (e.g. gastric 
or intestinal fistulae or colostomy), each (blind) loop should be separately treated 
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with approximately half the oral PTA-dosis in an adequate amount of volume. 
N .  B .  I n  specific circumstances some resorption of the antimicrobial agents may 
occur: e .g .  neonates, patients with severe gastro-intestinal resorption disturban­
ces after irradiation (Rohrbaugh et al. . 1984 ) ; reduction of the dosage l>hould 
then be considered . 
1.3 Selective suppression of the rectal flora 
A patient who does not have peristalsis or produce faeces. and who i� heavily 
colonised with potentially pathogenic microorganisms in the rectum (more than 
I 05/g faeces) , should be treated with an enema containing half the oral PTA­
dosis in 100-200 ml sal ine . two times a day . 
I I .  SYSTEMIC ANTIBIOTICS 
Antibiotics . that disturb the normal indigenous flora as little as possible ,  are 
preferred: 
I .  Ccfotaxime 
2. Tobramycin 
3 .  Metronidazol 
4. Aztreonam 
5 .  Flucytosine 
6. Amphotericin B 







The routine systemic antibiotic prophylaxis for an intensive care patient who 
has not been hospital ized prior to admission and who probably has a 'normal' flo­
ra , consist of cefotaxime 50- 1 00 mg/kg/day iv in 4 daily doses (standard dosis for 
adults: 4x I g iv). The prophylaxis is discontinued after 4 days unless there are 
clinical indications to continue . 
If a patient receives antibiotics for peri-operative prophylaxis e .g .  prophylaxis 
of endocarditis after implantation of prosthetic material in heart- or vascular-sur­
gery, this prophylaxis may be continued . but additional covering of nosocomial 
Gram-negative microorganisms with a cephalosporin (e.g. cefotaxime) should be 
considered.  
A patient admitted to the ICU with a recent history of antibiotic usage and 
hospitalization, is likely to be colonised with nosocomial microorganisms; in  this 
case a broader systemic prophylaxis should be considered (e.g. cefotaxime in 
combination with tobramycin ,  or a third- generation quinolone) ; this prophylaxis 
should be continued until the results of all cultures are free of potentially patho­
genic microorganisms .  
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When colonisation or infection of the body cavities or of the major organ­
systems with Enterobacteriaceae or Pseudomonadaceae is to be expected (e.g.  
intestinal perforations. near-drowning) . cefotaxime is combined with tobramycin 
(3-6 mg/kg/day iv divided over 3 doses; standard dosis for adults: 3x80 mg iv. guided 
by plasma levels) . In case of established colonisation by Acinetobacter or Pseudo­
monas spp . .  cefotaxime should be replaced by ceftazidime or aztreonam . 
When an increased risk for anaerobic infections exists (e.g. surgery or trauma 
of the oropharynx.  bowel or vagina).  additional anti-anaerobic prophylaxis 
should be given :  Metronidazol 20-25 mg/kg/day iv in 3 doses (standard dosis for 
adults: 3x500 mg iv) .  In contrast to other anti - anaerobic agents, parenteral me­
tronidazol has no perceptible effect on the anaerobic bowel flora. 
11.2 Therapy 
The criteria for selecting a suitable antibiotic for systemic treatment are : ( i)  the 
spectrum (ii) the pharmocokinetic propertie� (iii) the effect on the indigenous flo­
ra. Infections by 'community flora' e .g .  Staphylococcus aureus. Streptococcus 
pneumoniae. Branhamella catarrhalis. Haemophilus influenzae and Escherichia 
coli may be treated with only one antibiotic (monotherapy) .  Infections by 'hospi­
tal flora· should be treated with a (synergistic) combination of two antibiotics to 
increase efficacy and to decrease the risk of selection of resistant strains. 
Recommendations for different therapeutic antibiotic combinations are given 
below. including the daily dosage per kg body weight per day and the standard 
dosis per day. 
ll. 2. 1 Enterobacteriaceae 
For blind systemic antibiotic treatment and for bacteriologically confirmed in­
fections with Enterobacteriaceae: 
* Cefotaxime (50- 1 00 mg/kg/day iv)(standard 4x l g) 
., Tobramycin (3-6 mg/kg/day iv)(standard 3x80 mg) 
ll.2.2 Pseudomonadaceae 
* Ceftazidime ( 1 00 mg/kg/day iv) (standard 3x2 g) 
* Aztreonam ( 1 00 mg/kg/day iv) (standard 3x2 g) 
* Tobramycin (3-6 mg/kg/day iv) (standard 3x80 mg) 
ll.2.3 Yeast and fungi 
Yeast and fungi infections (e.g.  Candida albicans or Aspergillus spp . )  should be 
treated with a combination : 
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* 5-flucytosine ( J OO- I 50 mg/kg/day iv) in continuous infusion;  (standard dosis 
adults: 1 0 g= 1000 ml iv) 
* Amphotericin B (0.3-0.6 mg/kg/day iv) in  continuous infusion; (standard dosis 
adults: 20-40 mg iv) 
11. 2. 4 Anaerobic infections 
* Metronidazol (20-25 mg/kg/day iv)(standard 3x500 mg). 
11. 2.5 Enterococcus 
�· Co-trimoxazol (trimethoprim 6 mg en sulfamethoxazole 30 mg /kg/day iv) 
(standard dosis 2x IO ml iv) or 
" Ampicil l in (50- 100 mg/kg/day iv)(standard dosis 4x I g) 
Sometimes treatment with antibiotic agents that disturb the indigenous flora is 
inevitable , as in severe Streptococcus faecalis or Staphylococcus epidermidis in­
fections. 
11. 2. 6  Staphylococcus 
Staphylococcus epidermidis septicaemia is a frequent compl ication of indwelling 
intravascular lines. A line should be removed, if two out of three bloodcultures 
taken from that l ine , yield the same strain of S. epidermidis (same sensitivity­
pattern ) .  It is often sufficient to replace the l ine at another site ; antibiotic treat­
ment is seldom necessary. Severe infections with S. au re us or S. epidermidis (e.g.  
endocarditis) should be treated with:  
... Ya neomycin (20-50 mg/kg/day iv)(standard do�is 3x750 mg iv) in slow infusion. 
III  LOCAL ANTIMICROBIAL TREATMENT 
111.t  Respiratory tract 
In the treatment of respiratory tract infections, the same antibiotics that are 
given parenterally, are administered into the airways by aerosol ,  in order to obtain 
h igh antibiotic levels in the bronchial secretions. Because less than 5% of the 
aerosol is delivered into the terminal bronchiol i ,  a high antibiotic concentration is 
necessary. Nebulisation of antibiotics should continue unti l  two consecutive cul­












4 times a day 
4 times a day 
4 times a day 
4 times a day 
4 times a day 
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111.2 Wounds, sump-drains, body cavities 
Colonised or infected wounds should be treated with local disinfecting agents. 
These agents should meet the fol lowing cri teria :  ( i)  no adverse effect on leukocyte 
function or wound healing ( i i)  no toxic side effects ( i i i )  l i ttle protein binding (iv) 
quick-acting and bactericidal . Silversulfadiazine ,  nitrofurans, acetic acid ,  H202 
and betadine-iodine interfere with leukocyte function and can produce a local in­
flam matory response (van Saene et al . I 985b) Taurol in (Geistl ich . Wolhusen .  
Switzerland) ,  a re latively new disinfecting agent ,  does not interfere with leuko­
cyte function. it inactivates endotoxin and can be given intravenously with l ittle 
side-effect!> (Browne et al . . 1 976) . 
Colonisation or infection of the peritoneal , pleural or mediastinal cavities is 
treated with Taurolin (0 .5% ) . Drains are rinsed with Taurolin (500 ml Taurolin 
0.5%/drain/day) on indication. 
Colon isation by Pseudomonas spp. can be treated effectively with a 2% 
aqueous solution of acetic acid. It should be used only for local disinfection as it is 
not suitable for internal use or wounds. Colonised superficial wounds can be tre­
ated with Orabase paste 4 times a day. 
III .3 Vagina 
Colonisation of the vagina with C. albicans, which may give rise to colonisation 
of the urinary tract, can be treated with vaginal application of miconazol.  two 
times a day. Colonisation by Gram-negative bacteria should be treated with 
tampons with Orabase +2%PTA . two times a day. 
ISOLATION MEASURES 
When a patient is admitted to the ICU , colonised or infected with potentially 
pathogenic microorganisms insensit ive to the routinely used prophylactic antibio­
tics, standard isolation measures are taken. The patient is isolated in a single 
room, and treated with topical nonabsorbable antibiotics unti l  the causative 
microorganisms are no longer isolated from any site. Usually isolation procedures 
can be discontinued within one week. 
D ISPOSABLES 
Most disposables used in  the ICU will be contaminated with microorganisms 
from the patienfs flora and may then function as a source of infection . Disposa­
bles, used at the bedside of a colonised patient, should be changed more frequently 
than when a patient is free of PPM. The guidelines given below, should be indivi­
dually adjusted, depending upon the site and the extent of colonisation. 
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Device 
























: I  week 
:48 hours 
: I month 
:24 hours 
:on indication 
: I  month 
:on indication 
: I  week 
:48-72 hours 
BACTERIOLOGICAL MONITORING 
Critically i l l  patients do not only require intensive monitoring of the haemody­
namic and pulmonary function, but also intensive bacteriological monitoring of 
the microflora of the host . 
Sampling: frequency, sites and techniques 
Inventory samples from throat, rectum , trachea, urine , wounds, sumps etc are 
taken upon admission ; survei l lance- cultures from the same sites are taken on 
Monday, Wednesday and Friday (7 .00 am) .  When a patient passes stools, a por­
tion of faeces is collected for quantitative culture. Specimens of the respiratory 
tract are collected by tracheal-aspiration,  via the endotracheal tube. A fresh por­
tion of urine is collected from the indwell ing urinary catheter. Generally, samples 
consisting of a few ml of fluid,  al lowing microscopic examination and quantitative 
culturing, are preferred to swabs. Some sites, however, have to be sampled by 
swabs. If the surface to be cultured is too dry, the swabs should be moistened with 
sterile water. 
Blood cultures are taken when the body-temperature quickly rises, accompa­
n ied by chills, or when temperature rises above 39°C. Depending on the site of 
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the suspected infection . the blood culture may be taken from an arterial or cen­
tral-venous line. When endocarditis is suspected, blood-cultures should not be 
taken from indwel l ing catheters but by arterial puncture .  
The bacteriological samples should be  processed immediately or  else be kept i n  
a frigidaire (with the  exception of  blood culture!.) . 
Bacteriological examination 
All fluid specimens (tracheal aspirate. urine etc) are microscopically examined 
both in a 'wet' (um.tained) film and in a 'dry' Gram-stained fi lm .  noting the cyto­
logical and bacteriological content in a semi-quantitative way. Then they are 
cultured in a quantitative way. One ml or gram of a specimen is suspended in a 
sterile culture tube containing 9 ml of brain heart infusion (BHI broth . Oxoid) 
and a dilution series ( I :  I 0 steps) is made . After 18 hours of incubation at 37°C all 
turbid dilution steps are subcultured on four solid media: MacConkey agar plates 
(Oxoid) for Enterobacteriaceae and Pseudomonadaceae, Yeast Isolation agar 
plates ( Merck) for yeast and fungi . aesculine azide agar plates (Merck) for S. 
faecalis and blood agar plates (Oxoid) for S. aureus. S. viridans and S. epidermidis. 
Bacterial concentrations are expressed as logarithmic concentration per ml or 
gram.  Swabs (oropharynx .  wounds, rectum) are cultured in a semi-quantitative 
way . The same media are inoculated using the four-quadrant method and the tip 
of the swab is cultured in BHI broth . Agar plates and the BHI broth are incubated 
for 1 8  hrs at 37°C. If the BHI broth is turbid,  inoculation on solid media is perfor­
med _ Semi-quantitative estimation of the bacterial concentration is made on a 
scale of + 1 to +5 .  Growth in broth only is reported as + 1 .  corresponding to 10 1  
bacteria/ml ,  growth in the first quadrant of the plate as + 2 ( � 103) , in the second 
quadrant as + 3 ( � 1 O') , m the third quadrant as +4 ( � 1 07) or in the whole plate a� 
+5 (> 1 07) . Morphologically distinct colonies are isolated in pure culture and 
identified by standard techniques (API 20E).  Sensitivity tests are determined 
with the Kirby-Bauer method for all different strains and for all antibiotics used. 
both for flora suppression and for systemic prophylaxis or treatment (van Saene 
et al, 1 983) . 
Recording 
All  bacteriological results are stored in a database using a Personal Computer. 
An application-program has been developed in a general-purpose database 
(dBasell or I I I , Ashton-Tate , Amsterdam) . This system enables the monitoring 
of sensitivity patterns in order to disclose emergence of resistance as well as the de­
tection of outbreaks. The final results per patient are presented as a bacteriologi­
cal chart plotted by the computer. This way of representation of bacteriological 
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data visualizes not only the relation between the oral/intestinal flora and the site 
of infection but also the effect of �elective flora suppre�sion (figure I ) .  
Figure I :  
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DAY S I C  
Bacteriological chart of a patient with a pancreatic p�cudocy�t . infected with multiple intestinal 
microorganisms. Each square rcprcscnb an i�olatcd stra in .  the growth dcn�ity is indicated in�idc 
the square. Negative cultures arc represented by a da�h. 
1 4 1  

